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ABSTRACT 

This packet of five learning modules on machine 
components is one of 20 such packets developed for apprenticeship 
training for stationary engineers. Introductory materials are a 
complete listing of all available modules and a supplementary 
reference list. Each module contains some or all of these components: 
goal, performance indicators, statement of purpose, objectives, 
learning activities (activities the student is expected to perform 
and their purpose), information summary, information sheets, 
worksheets, self-test, self-test answers, posttest, and posttest 
answers. The five training modules cover shafts, bearings, seals and 
gasl'ets, chain shafts, and belts and pulleys. (YLB) 
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STAIEMENJ. OF ASSURANCE 

It is the policy of the Oregon Department of Education 

THAT no person BE SUBJECTED TO DISCRIMINATION ON THE 
BASIS OF RACE> NATIONAL ORIGIN^ SEX. AGE> HANDICAP OR 
MARITAL STATUS IN ANY PROGRAM^ SERVICE OR ACTIVITY FOR 

WHICH THE Oregon Department of Education is responsible. 
The Department will comply with the requirements of state 
and federal law concerning non-discrimination and will 

strive by its actions to ENHANCE THE DIGNITY AND WORTH 
OF ALL persons. 
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FOR THE Oregon Department of Education by Lane Community ' 
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STATIONARy ENGINEERS 
RELATED TRAINING MODULES 



COMPUTERS 

1.1 Digital Language 

1.2 Digital Logic 

1.3 Conputer Overview 

1.4 Computer Software 

SAFETY 

2.1 General Safety 

2.2 Hand Ibol Safety 

2.3 Power Tool Safety 

2.4 Fire Safety 

2.5 Hygiene Safety 

2.6 Safety and Electricity 









3.1 


Types of Drawings and Views 




3.2 


Blueprint Reading A^rkir^ Drawings 




3.3 


Scaling and Dimensioning 




3.4 


Machine and Welding Symbols 






TOOLS 




4.1 


Measuring, Layout and Leveling Tools 




4.2 


Boring and Drilling Tools 




4.3 


Cutting Tools, Files and Abrasive 




4.4 


Holding and Fastening Tools 




4.5 


Fastening Devices 






ELECTRICITY/ELECTRONICS 




5.1 


Basics of Energy 




5.2 


Atomic Theory 




5.3 


Electrical Conduction 




5,4 


Basics of Direct Current 




5.5 


Introduction to Circuits 




5,6 


Reading Scales 




5.7 


Using a V.O.M. 




5.8 


OHM'S Law 




5.9 


Power and Watt's Law 




5.10 


Kirchoff 's airrent Law 




5.11 


Kirchoff 's Voltage Law 




5.12 


Series Resistive Circuits 


5.13 


Parallel Resistive Circuits 




5.14 


Series - Parallel Resistive Circuits 
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5«15 Switches and Relays 
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5«17 Magnetism. • 

HUMAN RELATIONS 

6.1 Comnunications Skills 

6.2 Feedback 

6.3 Individual Strengths 

6.4 Interpersonal Conflicts 

6.5 Group Problem Solving, Goar-setting and Decision-making 

6.6 Worksite Visits 

6.7 Resumes 
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6.9 Work Habits and Attitudes 
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6.11 Personal Fincince 

6.12 . Expectations 
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Mixed Numbers 

7.5 Corrpound Numbers ' 

7.6 Percent 
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7.8 Ratio and Proportion 

7.9 Perimeters, Are^ and Volumes 
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7 . 12 Graphs 

7.13 Basic Trigoncroetry 

7.14 ' Metrics 

HYDRAULICS 
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Hydraulics 




Lever 
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Hydraulics 




Transmission of Force 
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F^draulics 




Symbols 


8.4 


Hydraulics 




Basic Systems 


8.5 


Hydraulics 




Pumps 


8,6 


Hydraulics 




Pressure Relief Valve 


8.7 


Hydraulics 




Reservoirs 


8.8 


Hydraulics 




Directional Control Valve 


8,9 


Hydraulics 




Cylinders 


8,10 


Hydraulics 




Forces, Area, Pressure 


8.11 


Hydraulics 


CM 


Conductors and Connectors 


8.12 
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Troubleshooting 


8,13 


Hydraulics 




Maintenance 
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10.4 f'tochine Conponents - Chain SI'iafts 

10.5 Machine Components - Belts and Pulleys 
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BOILERS 



12.1 


Boilers 


- Fir3 Tube Types 




Boilers 


- Watertube Types 




Boilers 


- Construction 


12.4 


Boilers 


- Fittings 


12.5 


Boilers 


- Operation 


12. & 


Boilers 


- Cleaning 


12.7 


Boilers 


- Heat Recovery Systems 


12.8 


Boilers 


- Instruments and Controls 


12.'^ 


Boileri. 


- Piping tvnd Steam Traps 
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13.1 


Punps - 


Types and Classification 


13.2 


Punps - 


Applications 


13.3 


Piaips - 


Construction 


13.4 


Punps - 


Calculating Heat and Flow 


13.5 


Punps "• 


Operation 


13.6 


Karps - 


Monitorirvg and Troubleshooting 
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Punps - 


Maintenance 




STEAM 
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Formation and Evaporation 
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Types 
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Steam - 


Transport 
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Steam - 
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TURBINES 


15.1 


Steam Tbrbines - lypes 


15.2 


Steam Turbines - Cotponents 
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St^.m Turbines - Auxiliaries 
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15.5 Gas Turbines 
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16.2 CombustioTi - 'lypes of Fuel 

16.3 CaflbustiotT - Air and Fuel Gases 
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17.1 Feedwater - Types and EJquipment 
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STATIONARY ENGINEER 
SUPPLEMENTARY REFERENCE DIRECTORY 



Note: All reference packets are numbered on the upper right-hand corner of the respective cover page. 
Supplementary 



Packet # Deicript i o n Related Training Module 



12.1 Correspondence Course, Lecture 1, Sec. 2, Steam Generators, Types 12.1 Boilers, Fire Tube Type 
of Boilers I, S^A.I.T., Calgary, Alberta, Canada 

12.2 Correspondence Course, Lecture 2, Sec. 2, Steam Generators, Types 12.2 Boilers, Water Tube Type 
of Boilers 11, S.A.I.T., Calgary, Alberta, Canada 

12.3 Correspondence Course, Lecture 2, Sec. 1, Steam Generators, Boiler 12.3 Boilers, Construction 
Construction & Erection, S.A.I.T., Calgary, Alberta, Canada 

12.4 Correspondence Course, Lecture 4, Sec. 2, "iSteam Generators, Boiler 12.4 Boilers, Fittings 
Fittings II, S.A.I.T., Calgary, Alberta, Canada 

12.4 Corresondence Course, Lecture 4, Sec. 2, Steam Generators, Boiler 12.4 Boilers, Fittings 
Fitting I, S.A.I.T., Calgary, Alberta, Canada 

12.5 Correspondence Course, Lecture 10, Sec. 2, Steam Generation, Boiler 12.5 Boilers, Operation 
Operation, Maintenance, Inspection, S.A.I.T., Calgary, Alberta, 

Canada 

12.7 Correspondence Course, Lecture 3, Sec. 2, Steam Generation, Boiler 12.7 Boilers Heat Recovery 
Details, S. A. I .T. , Calgary, Alberta, Canada Systems 

12.8 Refer to reference packet 14. 3/12. 8 

fWS 

13.1 Correspondence Course, Lecture 9, Sec. 2, Steam Generator, Power 13.1 Types \ Classification 

13.2 Plant Pumps, S.A.I.T., Calgary, Alberta, Canada 13.2 Applications 

13,4 13.4 Calculating Heat & Flow 

13.6 13.6 Monitoring & Troubleshooting 

13.7 13.7 Mdintenance 

13.'^ C()rres[)on(Jence Course, Lecture 6, Sec. 3, Steam Generators, Pumps, 13.3 Construction 

13, n S.A.I.T., Cdlyary, Alberta, Cdnadd 13.6 Opcrdtion 
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Supplementary 

Packet a Description 



14.3 
12.8 



14.4 

15.1 

15.2 

15.3 

15.4 

15.5 

16.2 

16.2 

16.3 

l/.l 

17.2 



Correspondence Course, Lecture 6, Section 3, Steam Generators, Steam 
Generator Controls, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 11, Section 2, Steam Generators, 
P'oing II, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 1, Sec. 4, Prime Movers & Auxiliaries, 
Steam Turbines, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 4, Sec. 3, Prime Movers, Steam 
Turbines I, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 2, Sec. 4, Prime Movers & Auxiliaries, 
Steam Turbine Auxiliaries, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 6, Sec. 3, Prime Movers, Steam Turbine 
Operation & Maintenance, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 8, Sec. 3, Prime Movers, Gas Turbines, 
S.A.I.T., Calgary, Alberta, Canada 

Boilers Fired with Wood and Bark Residues, D.D. Junge, F.R.L., O.S.U. 
1975 

Correspondence Course, Lecture 5, Sec. 2, Steam Generators, Fuel 
Combustion, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 5, Sec. 2, Plant Services, Fuel & 
Combustion, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 12, Sec. 3, Stearn Generation, Water 
Troatment, S.A.I.T., Calgary, Alberta, Canada 

CorresponrJence Course, Lecture 12, Sec. 2, Steam Generdtiun, Water 
Treatment, S.A.I.T., Calgary, Alberta, Canada 

/ 0 



Related Training Modul e 

14.3 Steam, T-^snsport 

12.8 Boilers, Instruments & 
Control s 

14.4 Steam, Purification 



15.1 Steam Turbines, Types 



15.2 Steam Turbines, Components 



15.3 Steam Turbines, Auxiliaries 



15.4 Stea^r Tjrbines, Operation & 
Maintenance 

15.5 Gas Turbines 



16.2 Combustion Types of Fuel 



16.2 Combustion Types of Fuel 



16.3 Combustion, Air & Fuel Gases 



17.1 Feed .^eter, Types & 

Operation 

17.2 Fe:vcl ..cf.er , Water Treatments 
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IB.I 
18.2 



19.1 



19. 1 
19.^ 
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Correspondence Cgurse, lecture 7, Sec. 2, Steam Generators, Boilnr 
Feed Water Treatment, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 2, Sec. 5, Electricity, Direct 
Current Machines, 5.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 4, Sec. 5, "Electricity, Alternating 
Current Generators, S.A.I.T., Calgary, Alberta, Canada 

Corrspondence Course, Lecture 5, Sec. 4, Prime Movers & Auxiliaries, 
Air Compressor I, S.A.I.T., Calgary, Alberta, Canada 

Corresponden ,e Course, Lecture 6, Sec.^ 4, Prime Movers & Aujti 1 iaries , 
Air Compressors II, S.A.I.T., Calgary, Alberta, Canada * 

i 

basic Electronics, Power Transformers, EL-BE-51 

Correspondence Course, Lecture 7, Sec. 5, Electricity, Switchgear 
& Circuit, Protective Equipment, S.A.I.T., Calgary, Alberta, Canada 

Correspondence Course, Lecture 10, Sec. 3, Prime Movers, Power Plant 
LrecLiori & Installation, S.A.I.T.. Calgary, Alberta, Canada 



Related Tra ininq Moduje 
17.3 Feed Water, Testi|j|p 



18.1 Generators, Types & 
Construction 

18.1 Generators, Types 
Construction 

18.2 Generators, Operation 

19.1 Air Compressors, Types 



19.1 Air Compressors, Types 

19.2 Air Compressors, Operation 
& Maintenance 

20.1 Transformers 

21 .1 Circuit Protection 

22.1 Installation Foundations 
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RECOMMENDATIONS FOR USING TRAINING MODULES 

The following pages list modules and their corresponding numbers for this 
particular apprenticeship trade. As related training classroom hours 
vary for different reasons throughout th2 state, we recommend that 
the individual apprenticeship committees divide the total packets to 
fit their individual class schedules. 

There are over 130 modules available. Apprentices can complete the 
whole set by the end of their indentured apprenticeships. Some 
apprentices may already have knowledge and skills that are covered 
in particular modules. In those cases, perhaps credit could be 
granted for those subjects, allowing apprentcies to advance to the 
remaining modules. 

We suggest the the apprenticeship instructors assign the modules in 
numerical order to make this learning tool most effective. 



SUPPLEMEMTARY INFORMATION 
ON CASSETTE TAPES 



t 

Tape 1: Fire Tube Boilers - Water Tube Boilers 

and Boiler Manholes and Safety Precautions 



Tape 2; Boiler Fittings r Valves ^ Injectors, 
Pumps and Steam Traps 



Tape 3: Conbustionf Boiler Care and Heat Transfer 
and Feed Water Types 



Tape 4: Boiler Safety and Steam Turbines 



INDTE: The above cassette tapes are intended as additional 
reference material for the respective modules, as 
indicated, and not designated as a required assignment. 
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10.1 

MACHINE COMPONENTS — SHAFTS 



Goal: 

0 


Performance Indicators: 


The apprentice will be able to describe 
machine components that relate to shafts. 


1. 


Describe shaft inspection for 
damage or failure. 






Describe considerations in 
supporting a shaft. 




3. 


Describe shaft alignment. 




A. 


Describe keyv/ays and keys for 
mounting equipment on a shaft. 






Descri be ( anishfift. s . 


# 
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SHAFT INSPECTION 



Shafts are generally not troublemakers 
and few symptoms directly related to 
shafts show up. However, when shaft 
troubles occur, they often show up as 
failures of other parts. A mechanic 
must be able to recognize why the 
part failed, because if it fails from 
an outside cause, the failure will 
occur again. When a machine is down 
for repair or inspection, shafts should 
be checked. 
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upon successful completion of this 
package, you will be able to recog- 
nize many types of shaft failures 
or damage and take corrective ac- 
tion. 



LEARNING ACTIVITIES 

ACTIVITIES PURPOSE 



Read; Information Sheet 



Read : Grouse : Automotive 

Mechanics , McGraw Hill 
Book Company 



Read: Stockel: Auto Service & 

Repair , Goodheart-Willcox. , 
Co. 



Do: Visually, and with accepted 
tool^, inspect as described 
below^ the shafts provided by 
your instructor. 



Provides additional background 
material to supplement the 
Information Sheets in the Learn- 
ing Package. 



Do: Check for straightness , true- 
ness, smoothness I roundness, 
taper, cracks, damaged 
attachment areas, seal areas, 
etc. 



Do: Draw a sketch of the shaft on 
paper and report all defects 
for a given shaft, providing 
number values where micro- 
meter readings are taken. 



Do: Report on whether the shaft 
is reuseable and under what 
circumstances. 



Practical experience from inspect- 
ing, handling and identifying 
parts and adjusting to proper fit 
will enhance student learning. 



INFORMATION SHEET 
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SHAIT INSPECTION 

Exposed shafts should be given a quick visual inspection daily. 

Hidden shafts should be inspected any time a machine is torn down for other 
repairs. Regular maintenance, overhaul, or emergency repairs often bring 
hidden shafts out where they can be Inspected with a minimum of added effort. 

A faulty shaft may cause some strange noises or functions In a machine. 

2 
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A bent shaft Is often the cause of premature failure of seals and bearings. 



CAUTION: Many shafts warp If Incorrectly supported during dovm time. Support 
them as they normally rest, If possible. 

WHAT TO INSPECT 

Shafts should be checked for the following conditions 

- Alignment (Stralghtness) 
— See VIP Industrial Mechanics Learn- 
ing Package 103-D "Shaft Alignment''. 

- Trueness 

Shafts are often subjected to severe 
pressures and may be twisted, warped, 
or distorted. Usually If this occurs, 
they must be replaced. 

-* Smoothness of journal (If applicable) 

Bearing journals must be completely 
smooth or severe damage to the bearings 
will occur. If the journal la within 
tolerances, .It may be smoothed with a 
fine emory (crocus) cloth until no ^o^^h t 
abrasions exist. Satisfactory smooth- foijr^^^ 
ness occurs If no burrs or ridges can 
be detected. 

- Roundness of journals (If applicable) 

In an automobile engine for example, 
the journal should be measured with 
a micrometer near one side of a 
journal In three or four different 
positions. This type of measuring 
will detect wear that has caused the 
journal to go out-of-roimd. 

- Rule of Thumb - If a journal of a 
high torque shaft Is out-of-round 
more than .001 Inch, per inch of 
journal diameter, the journal 
should not be placed in service 
until repaired. 

Refer to your manufacturer's technical 
manual for specific limits for this 
, machine 
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- Taper on Journals (If applicable) 

Bearing Journals may wear more on 
one, end than on the other. The 
journals should be measured at 
either end with the micrometer. 
They should also be measured in 
several positions. 

Rule of Thumb - If taper exceeds .001", the journal should be repaired prior 
to service. 

Refer to your manufacturer's manual for technical limits. 

- Ball or Roller Bearings Check-up 

Shafts can be rolled within a bearing (ball or roller) and flat spots on the 
balls (rollers) may be detected by feel. A slight drag or catching in the 
shaft rotation will indicate a faulty "bearing. Each bearing should be 
tested separately. See VIP Package 104-A "Inspecting Anti-Friction Bearings." 

Shafts should tum freely by hand if they are to function properly under 
power. 

Bearings do not wear in. Adjust for proper fit in their lubricated environ- 
ment the first time. 

- Bearing position on shaft 

Ball or roller type bearings must- fit 
snugly on the shaft. The place where 
' they seat must be free of damaging dirt 
scars, or spurs that would prevent 
proper positioning of the bearing. 
Many bearings require a press-fit. 
Others are held in place by thrust 
washers or thrust plates. 



- Cracks 

Shafts may have hairline cracks that 
open under stress. Continued use of 
a shaft with this tyre of damage will 
lead to failure of the shaft when the 
machine is in use. When in doubt 
about a shaft that is to be used in 
heavy equipment or a shaft to be re- 
worked or"buried" inside a complex 
housing, it may be well to use some 
technique such as magnetism, dyes, 
sonar, or x-ray to test the shaft and 
lo(3|^te any invi.sible cracks that may 
exist. A cracked shaft may be welded 
in some applications but more often 
is replaced. 

4 
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- Damaged Splines 



A gear < or wheel with a hub that is worn and 
loosely attached to the splines of a shaft 
may cause damage to the splines. 



Sometimes a shaft may twist In the splined area 
from a sudden shock while underload. Be sure 
to check for straightness of the splines. If 
the splines are not straight enough to permit a 
new unit to slip easily on the shaft without 
lateral catching or rotary play, then the shaft 
should be replaced. 



NOTE: Never hammer the splined end of a shaft 
It may expand and no attachments will 
fit properly. . 

- Damaged Keyway (including a woodruff key) 

If the key has worked loose in operation 
of the device, the shaft keyway may be 
severely damaged. If the key slot can- 
not provide a secure lock for the key, 
the shaft should be replaced. 



NOTE: It is not advisable to lubricate a 
tapered shaft area with a keyway. 
The lack of friction between the 
tapers may cause the key to shear 
in normal use. 

- Damaged Threads 

If threads that hold the device to a 
shaft are worn, the device will not 
be fastened with the proper tension 
and may "work" on the shaft. This 
action can cause build'-up of excessive 
heat which would be injurious to 
seals and lubrication. Undoubtedly, 
such looseness will be a safety hazard 
as well. 

Shaft should be r^^placed or rethreaded. 

- Damaged Seal areas 

A seril that eliminates all seepage 
requires a smooth finish on the shaft. A 
seal that permits some seepage uses a coarser 
finish. Any burrs or ridges in the seal area ' * 
will cause a seal to fail. Great care must SfhJ nr€m, 
be taken in refinishing a seal area to be certain 
it returns to the original type of surface. Critical 
seals are more safely handled by replacing the shaft. 
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SELF-TEST 

Complete the sentence or circle the most correct answer. 

1. Shafts should be inspected during normal machine down time unless unusual 
noises or wear occur. T or F 

2. A shaft that lacks trueness should usually be (replaced, straightened ). 

3. Bearing Journals must be so smooth that no burr or. ridges are detectible. 

T or F . 

4. Bearings should be measured for correct tolerances (before after) 
(both before and after ) smoothing, ' 

5. Rough surfaces may be smoothed using a "shoe shine" motion with 

cloth, 

6. A check of roundness of a journal is made using a . 

7. If a journal has worn more on one end than on the other, the damage is 
classified as _ ^ 

8. Tolerances for either of the above is usually given in the 

manual , ' ■ — 



•9. Since ball and roller bearings are usually pressed on, they do not need 
a clean, smooth surface where they mount on the shaft, T or F 

10, List 3 ways to locate hidden cracks in a shaft, 

11. Damage to splines, keys or threading may cause the attached device to 

work on the shaft. This condition may cause excessive 



12, A bent shaft will likely cause failures in and 



saufaeaq sjpas '^j 
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POST-TEST KEY Package No- 103-B 

SHAFT INSPECTION 

1* maintenance or dovm time 

2. manufacturer 

3. T 

4. micrometer 

5. shape roundness 

6. cracks 

7. F 

8. T 

9. T 
10. T 



POST-TEST Package Number 1Q3-B 



INSTRUCTIONS: Complete the sentence or circle the most correct answer. 

1. Normal inspection of hidden shafts should occur during machine 

• 

2. Final word on acceptable tolerances should come from the 

3. Bent shafts are often acceptable when straightened. T F 

4. Checking for taper is done with a 

5. Caution should be exercised in smoothing a surface ti^at you do not change 
its . 

6. Sonar, magnetics, dyes, etc. are used to detect ^_ . 

7. Shaft damage rarely affects other parts. T F 

8. Seal seating areas should always be ground to a smooth finish. T F 
9* Twisted shafts are usually replaced, not repaired, T F. 

10. Damaged keyv^ays, splines and threads may cause other parts to fail. T F 




103-C SHAFT SUPPORT 



In order to use a rotating shaft or 
a shaft on which devices rotate, a 
practical means to support the shaft 
and still permit rotation must be used. 
This lesson discusses shaft support 
considerations . 
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Upon successful completion of this 
lesson, the student will be abl^ to: 

1. Identify and discuss the makeup 
of 3 types of bearings, 

2. Discuss flexible shaft bearing 
surfaces . 

3. Identify and describe 4 types of 
pillow blocks. 

4. State the differences in solid and 
hollow shaft heat dissipation. 

5* Set up and align a shaft system, 
using pillow blocks. 
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LEARNING ACTIVITIES 

ACTIVITIES PTORPOSE 



Read: Information Sheet 




Read; Grouse: Automotive 

Mechanics, McGraw Hill 
Book Company 


Provides added informational 
background .to the lesson 
material contained in this 


Read: Stockel: Auto Service & 
Repair, Goodheart-Wlllcox 
Co. , Inc. 


learning package 


Do: Identify each of the bearings 
and pillow blocks on the shop 
identification boards 


• 

Provides a good visual under- 
standing that assures that you 
recognize and associate the 
correct part. 


Do: Align a shaft with 2 pillow 
blocks on an uneven surface. 

A. 


Do: Align a shaft with 3 pillow 
blocks on an uneven surface. 


Demonstrates your understanding 
of the problems of shaft and 
pillow block alignment and their 
solution* 
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INFORMATION SHEET 

DEFINITION OF TERMS 
BEARINGS 

A rotating shaft must be held in 
place and yet permitted to turn. 
Bearings are the parts on which 
the shafts are supported. Bear- 
ings fall into three categories; 
plain, ball, and roller bearings. 
There are several variations of 
each. Ball and roller bearings 
are generally categorized as 
"frictionless" bearings. See 
VIP Industrial Mechanics, Di- 
vision Oode iU^ "be ' aTingS ""' 
tor details on oearings. 




RACE 

A race is th"e inner or outer 
ring of a ball bearing or roller 
bearing that holds the balls (cr 
rollers) in place and provides a . 
smooth rolling surface upon which 
the balls (or rollers) may roll. 
Usually, there is a spacer to keep 
proper separation between the balls 
(or rollers) . 



JOURNALS 





Journals are the part of the shaft 
that rotates within the bearings 
It may be a highly polished sur- 
face as on a crankshaft or an un- 
polished part of the shaft that 
rests on the inner race of a 
bearing. 




PILLOW BLOCKS 

Pillow blocks are normally used 
to support the shaft bearings. 

SHAFT SUPPORT 

BEARINGS 




All solid and hollow shafts are 
supported by bearings that have 
been designed to support the 
weight of the shaft, flywheels, 
pulleys, the pull of the belt 
or gear that drives the shaft, 
and the maximum load to be turned 
by the shaft. 

Bearings must be able to cope with 
the thrust of the shaft* Some bear- 
ings are designed to handle radial' 
thrus' ^nd others to handle axial 
thrust. Some bearings will allow 
both types of thrust. 

HOUSING BORET 

Equipment often supports bearings 
without pillow blocks. In these 
instances the bearings fit into 
the housing itself with close tol- 
erances. The area in which the 
bearing fits is called a housing 
bore. Often the bore is nearly 
the same dimension as the bearing 
itself and the bearing must be 
pressed into place. 

PILLOW BLOCKS 

While bearings hold shafts, pillow 
blocks usually hold bearings. These 
pillow blocks fall into 4 types: 

1. Solid Pillow Blocks 
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Some inexpensive and shorts-lived 
pillow blocks are constructed en- 
tirely of bearing metal such as 
babbit or sintered bronze material. 
The shaft turns in the bearinR 
mriterial. Thus, the pillow block 
and the bearing are one. 
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2. Plain Pillow Blocks 



Plain pillow blocks hold plain 
bearings • Bearings of this nature, 
babbit, sintered bronze, etc. re- 
quire oil and, therefore, oil holes 
in the blocks must provide a means 
to lubricate the bearings. 

3. Sealed Bearing Pillow Blocks 

Sealed ball or roller bearings do 
not require lubrication and, there- 
fore, no oil hole is necessary. 

A. Self-Aligning PilloW Blocks 

Self-Aligning pillow blocks contain 
bearings that have curved outer races 
to permit the bearing to rotate within 
the pillow block to align itself with 
the shaft on an irregular surface. 
Sometimes the Inner race is secured 
to the shaft by bolts. 

All pillow blocks, other than the self- 
aligning type, must be mounted on a flat, 
single, plain surface in such a way that 
they are in alignment in all directions. 

, FLEXIBLE SHAFT BEARING SURFACES 

Bearings, as they are normally thought 
of, do not apply to flexible shafts. 
In heavy duty applications, bearings 
may be used at the end of the cover 
housing but most of the time the housing 
itself, properly lubricated, provides 
all the bearing surface necessary for 
the flexible part of the shaft. If the 
flexible shaft drives a solid shaft 
application, the bearings will be on 
the solid shaft. 
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HEAT 1)ISSIPATI(3N 

Proper lubrication can permit higher temperatures of operation because 
lubrication has the effect of roducinR friction. The lubricant may act as 
an agent to carry heat away from the friction area. 

I'/lien selecting bearings, for use with shafts of various types, one must 
take into consideration, in addition to the lubricant, that a solid shaft 
will not Q;enerate a "hot spot" under heavy load as rapidly as the hollow 
shaft* There is more metal available to absorb heat away from the load 
point in a solid shaft. Therefore, the lubricant on the bearing surfaces 
will not be as sensitive to heat when using a solid as opposed to an 
internally dry hollow shaft. Thus, bearing or shaft journal damage is not 
as likely to occur. 

Obviously, any load calculations must include the revolutions per minute 

at which the shaft turns in addition to other sources of heat because 

the "higher the speed - the greater the need" for lubricant on load bearing 

surfaces, 

OUT-OF-BALANCE 

Some shafts may ruin their supporting bearings because out-of-balance 
attachments have been mounted on the shafts. This is often the case when 
using shop equipment such as buffers, grinding wheels, and sanding drums. 

The out-of-balance attachment causes a pounding action within the close 
tolerances of the bearing. As the machine is used, the pounding action of 
the shaft will gradually elongate (make egg-shaped) the soft bearing metal 
that supports the shaft. Eventually, the shaft wil] begin to "chatter" in 
use •causing it to slow, be less accurate, and to have severe bearing wear. 
Bushings (or plain bearings) should be replaced at this point- 



WORKSHEET 

- Locate some failing bearing units. These may be found in the school shop, 
the craft shop, home shop, farm equipment, lav/n equipment, etc. 

- Locate the bearing that has failed. 

- Remove the bad bushing, press in replacement, and ream tq fit the shall 
(if necessary). Reassemble the device. 

- Hand cycle for vour instructor before runninj/ under power. 
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SELF-TEST 

1. In order to remain in sr^rvico, n rotating* shaft must have a 



2. Proper lubrication helps to 



3. Bearinp.s must be able to handle or 

thrust. 

A. List 4 parts of a ball bearing;. 



5. Pillow blocks support 



6. List 3 types of pillow blocks. 

7. If a shaft is mounted on an irregular surface, the pillow block must 
be , 

8. The inner race of a ball bearing mav e pressed onto a 

9. Flexible shaft housing surface is usually its . 

10. The faster a shaft turns, the more it needs , 
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POST-TEST KEY 



Packap,e No. 103-0 



SHAFT SirPPORT 



1. rotating 
heat 
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3. axial 

4. radial 

5. bearings 
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POST— TEST Package Number 

INSTRUCTIONS: Complete the followiriR sentences: 

1, Bearings are required to keep ^ shafts or devices 

from deterioratinR from friction forces, 

2, Lubrication will help to dissipate 

3, Shaft end play may be caused by excessive . thrust, 

A, A fan belt will add to the thrust. 

5. Pillow blocks support , 
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LEARNING ACTIVITIES 


ACTIVITIES 


• PURPOSE 


Read: Information Sheet 




Read: Grouse, Automotive Mech- 
anics, McGraw Hill Book Co. 


Provid- added information 
background to lesson material 


Read: Stockel, Auto Service & 

Repair , Goodheart-Wi llcox 
Co. , Inc, 


in this package. 


Do: Obtain a short shaft from the 
instructor, then do the 
following : 


i 


- clean shaft and surface 
plate. 




- visually check bearing 
areas for pits, checks ^ 
and damage. 

^^pUprW Tl^^ t*h nff n^nnvAtpr to 

be certain they are with- 

4 n to 1 PTAHPPQ . 

— roll on surface plate, 
--record your examination 

and give the report to 

instructor. 




- clean journals and V-^blocks 




- support a shaft on level 
surface with V-blocks on 
shaft journals. 
— record dial reading and 
give to instructor. 


• 


- support an axle shaft be- 
tween centers (or on a 
lathe) and check for out- 
of-alignment at the jour- 
nal area with dial indica- 
tor. 

1 — record and give to 
! Instructor. 

1 ^ .... 
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DEFINIT I ON OF TERMS 
True - Straight, properly allghed, not warped or twisted. 

Tolerance - A amall deviation from the standards established for a setting. 
These may be either plus or minus variations. 



( 



Out- of -Roundness 



Bearing surfaces are manufactured 
as nearly round as nosslble. If 
wear has occured, it tiay have 
caused an out-of-^round condition. 



Taper - Shaft journals mav have more wear on one end of the journal than on 
the other, causing them to be tapered. This is generally caused by 
mis-aligned bearing on the journal. 

Bores - The part of the device that holds the shaft bearing in a housing 
when pillow blocks are not used. 



HOW TO CHECK FOR SHAFT A LI GNMENT 

STRAIGHT SHAFTS (Round) 

Most round, straight shafts m^' be 
Inspected for trueness by placing 
on a flat, level surface.^ They 
should remain in place no matter 
in v/hich position they are released. 
As the shaft is rolled on the sur- 
face plate, neither the center nor 
the ends should raise up, indicating 
a warped shaft. If it does, a feeler 
gauge under the center journal at 
maximum height can give the amount of 
the bend. 

ALL SHAFTS 



If the shafts are not round or if 
therr are close tolerances to be 
measured, n more accurate method ot 
testing for a tr'if^ .srralght shaft 
is to mount two of the journals (or 
bearings) in a set of cks and, 

with a measuring, device, . Hck a 
free journal as the shaft is rolled 



in 
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Comrit.'r(na.l 1 V availahlt* tools permit a dial or needle 
road our of tht^ dovirij^mi from aliv^nment (sometimes 

calh'd nm I'his ipchninuc i'. t.he most acrt.irato 
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All hrarinv, stirlac^es may he tevSted by altomatlng 
thr iiosiiioriii of V-b Locks and indicators. 

Variati»)!is in readings should not exceed those 
.sjUM'ilitMi hv the manufacturer. (In automotive, 
t il is i«- >\one rally not more than .001" between 
lournals or ,0f)2" ovei the entire shaft. 



Kememher thtit journals or bearings must be checked tor our-of-roundness before 
tin's test ran bo* made as out-of-round bearings will affect the measurements of 
this test, 




NOTK : Pi'nt shafts In manv ceases mav be strai phtened. In heavy duty applica- 
tion' this must be done using sper^ialized equipment and training. 

TAl'KRKI), SPLINI::D, IINKINISHED SHAFTS, ETC. 

Shafts without bearing surfaces at both 
ends mav ho checked hv mounting between 
(Centers and checking against a bearing 
surface with a dial ur needle indicator. 

HKAK1N(; BORKS 

Bearlnv housing bores may be out uf line 
because ot ^ome. change in the external 
structure. Straight shafts or their com-- 
pcment.s will fail prematurelv if mounted 
in a mis-aligned housing. Often this type 
of damage is easy to detect hv checking 
thf* bearing f(^r wear patterns as the 
(lev ire is disassembled. 

I'.(»rr':' tMav hf rhe( kL'il bv niacins' i kriowii 
siraiy'.ht 'hat t in tlie f>()res anc '-becking 
f ( M" 1 reiMlon; . 




III rhr cast (^t an automobile enj'.ine, 
j;(MM i 1,1 f>ar shalts are desLgne(^ for this 
puri'Mse. The manut acturer sneciti^'s that 
t lu' h;n t-iist tie installed in ^ Vir-o of the 
. 1 ink ^h^ ! f the :>c:irinr^^ hp r'^rourd t(^ 
f!t.»:r n-'M^a] t(Misi(»M. and thi^ ^^ar must turn 
••.'irhip { -■■■r^aMi nnpf'f't ol poaads ')r(>ssure. forpo© 
'■;•■■! 1, it 1 i>i'in i I ii/v. 1 .in he use:' in other 
ii •« ! I < it i M> , . 




!\' -^'l n\ ALMiNMj.ii 'SHAFTS 
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- Be.irliiKrJ ' "iil P r(»mat ure ly . Beariuj^s or -journals on a misaligned shat t 
(unless tlu'v arr se It -al 1 gnlng) cannot seat properly In their housing* or 
bearing bores. Thi .s, misposl tinning of the surfaces will cause iinr|\u> wear 
on the bearing and, perhaps, remove a requirement that provides proper oil 
pressure to the system. 

- huhice overheating. l>/}ien devices on the shafts are not in proper alignment, 
thev often rend to trv to align themselves with their mating gear pullev, 
etc. This working of the device may cause an overheating condition that 

v/i 11 , in Lurn, inchjct' either problems. 

If the 'jhatt. has more rlian two bearings, all of the preceding are likelv t:; 
occur , p I us : 

- Shaft stress is Increased. In addition to the normal forces acting on the 
shaft, a misa lig,ned shalt must flex each half revolution. The flexing will 
cause hear and will also tend to weaken the shaft and make it fail pre 
maturely. It mav break. 

- Bearing stress is magnified. One or more bearings will now take the t(^rce 
of the flex load each revolution. This causes the bearing to cari*y lo \ds 
.and stress that were not included in the enginerrlng requirements for Lhe 
bean nv; . 

SELF-TEST 

Complete- the sentence or circle the most correct answer. 

1. Sharts mav bend in u,se because of stresses against them. T \\ 

1. Sharts mav bend if lett improperly stored, such as leaning against a wall. 
1 K. 

1. A devict^ that has \ tint plain for testing straightness of shafts is 

cal led .1 _ _ • 

U, An (Mld-shant'd .»ha t I thar will not roll is usuaJ Iv mounted on 
t t e'^t i n.' . 

. T!ie '-halt "uuinted in question k is mounted on its bearing 



^1 . lhe « uit - <> I -a 1 i gniTien I readiny^ is taken, using _ _ a 

i ndi rator . 

/' . An iourna) can affect the reading (^t the 

dial ' n (i i c 1 1 f • r . 

I i'idition ?(■ t lir -diatrs, \\\v pillow Mock and tha^ 
1 ii« iia! t run in. •"M^ t. --fuM-ked few alignment. 

' i - ( 4 i)(v.;iblr ir^.ujt 't c(.mt inning to run rin out ■ nf ■ .i i 1 y'^Uv-.i a.ati. 
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ELF-TKST ANSWERS 



1. T 



2. 



3. Hurtace plate 

A. V- blocks 

^. journals 

dial needle 

7 . out--of --round 

8. bearing 

4. ruined seals, bad bearings, overheating, shaft stress * 








POST-TEST KEY 



Package. No. 103-D 



SHAFT AL1(;NMKNT 

1. dial, needle 

2. centers 

3. vee I) locks 
^-4. ends 

round 



b. heat 

7. surface plate 

8. turned 

^. bearings, seals, shaft 
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POST- TEST Package Number 103-d 



Complete the {Sentences. ^ 

3 

1. The 2 types of read-out indicators for testing shafts are ^ 

and . 

2. A shaft with tapers, or only one journal, o\ for othi^r reasons Is diffi- 
cult to mount, usually can be supported between . • 

3. are used to support a crankshaft for testing. 

4. P'or best results, a shaft should be supported near its ' 



5. An out-of- journal may give a filse reading of 

shaft straightness. 

6. A h nt shaft will usually generate in operation. 

7. A round, straight shaft may be tested on a ^ ^ 

8. Read-out indicators register their readings as the shaft is 

9. List 3 items that are affected by a twisted shaft. 
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LEARNING ACTIVITIES 



ACTIVITIES 



PURPOSE 



Read: Ir formation Sheet 



Read: Crouse: Automotive Mech- 
anics McGraw Hill Book Co, 



Read: Stockel: Auto Serv i ce an d 
Repair Goodheart-Willcox 
Co. » Inc. 



Do: Remove a device, Inspect It, 
and replace with good parts, 
setting torques to instruct- 
or's directive, one each to , 
fit the follovlng: 

- spllned attachment 

- key attachment 

- set ificrew attachment 

- taper attachment 

- tang attachment 



Additional material from a good 
text will add to the material 
in this learning package. 



practice with each type of device 
provides both understanding and 
experience necessary to completion 
of this learning package. 



INFORMATION SHEET 



DEFINITION OF TERMS 



SPLINES 



Splines are manufactured on shafts 
to permit a positive engagement to 
a pulley or gear. They consist of 
a series of grooves cut into (or 
ridges built up on) the shaft to 
provide a gear- like profile. The 
pulley or gear will have a match- 
in contour Infits shaft bore. 

KEYS 

Keys may be used instead ot splines 
If the torque requirements of the 
shaft do not require a spline. A 
key is usually one piece of metal 
that fits into a slot on the pulley 
.ind shaft to prevent slippage. 
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TANO 

Tangs are created by shaping the end 
of a shaft and Its matching mating 
device. The new shape Is not round 
and, therefore, the devdce will not 
rotate on the shaft. The device must 
have some additional method to hold 
it on the end of the shaft, such as 
threading. 
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TAPER 



Devices may be mounted using taper as 
a method to center the device or to 
provide friction. Tapered attachments . 
also require a key, spline, thread or 
other attachment technique to reiuforce 
the taper to secure the device to the 
shaft. 






MOUNTING EQUIPMENT ON SHAFTS 

There are many ways to mount equipment on a shaft. These vary in regard to 
the requirements for function, speed, maintenance, and safety renirements of 
the attachment. 

WELDING • # 

The most secure attachment of a pulley, 
gear, or other device to a shaft is to 
weld the two together. This is not 
always practical from either the manu- 
facturing or maintenance point of view. 
Sometimes, a hub is welded to the shaft 
and the device attached to the hub. 
Thi^ technique is widely used in the 
automotive crankshaft flywheel hub. 

SIM, INKS 

A splinod shaft has slots (or ridges) 
al»,)n>' tlif^ aroa in whirh tl\G attachment 
i'' lif , The attachment is cut to the 



hapt but wi t:fi a Mli Rhl ly larp;Gr 




cliapn'trr and spline '^\zv than the shaft. 
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One advantage cf the splined attachment 
is that the device may be bolted with a 
lock-nut into a fixed location on the 
shaft or it may be left loose to permit 
it to move. 

Another big advantage of the splined 
attachment is the utilization of many 
pressure points around the shaft tb drive 
the attachment. 




Splines are commonly used on solid and 
hollow shafts that are subjected to great 
amounts of torque. 



KEYS 



Keyed attachment of devices is common in 
medium or light duty applications where 
multiple methods of attaching a device are 
used. ' ^ 

Two types of keys in common use are; 

- Plain Key 

The plain key is applied when the pulley 
or other device is notched to accept a 
piece of metal that protrudes from the shaft. 

The shaft is grooved and the key- 
fits into that shaft groove and 
a f,lot in the pulley l^re to keep 
the pulley from spinning on the 
shaft. Usually the shaft is threaded 
to hold the pulley in place. 



- Woodruff Key 

The woodruff key is a variation of 
the plain key in that the shaft cut 
is just the key length and shape and 
is cut deeper into the shaft than a 
plain keyway. In addition, the key 
stands higher into the pulley slot, 
thus making a more positive keying of 
the attachment to the shaft. This 
key has superior holding qualities 
because the depth of cut reduces the 
rocking action of the key in the shaft 
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NOTE ; Do not lubricate a keyed attachment. The resultant loss of friction 
may cause the key to shear under normal use, 

SHAFT THREADING 

Shafts may be threaded to hold a device 
on the end of the shaft. Threads may be 
on the outside (external) or on the in- 
side (internal) of the shaft. Internal 
threading is accomplished by drilling 
and tapping the shaft. 

Usually the threading will protect the 
device from being pulled off by axial 
thrust. The device is protected from 
going too far onto the shaft by taper 
or ridging. 



Threads permit a nut to hold against a 
washer and bearing in those applications 
that expect the device to spin on the 
shaft . 



r 





Threading may be used in conjunction 
with splines, keys, tangs, nress-f it , 
etc. to lock a device so it will not 
rotate on the shaft. 

Sometimes a friction set screw is used 
In the hub of the device bt^ing attached. 
This technique provides resistance to 
thrust in both axial and rotary direction. 
If used on a straight shaft, thiR tech- 
nique is usually used where there are 
Uj?,ht; stresses as it Is a friction setting 
and will not withstand heavy pressures. 
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TAPERS ON TAPERS 

Tapers on tapers are often used in appli- 
cations where no slack is allowed and the 
shaft does not support a turning device, 

A taper must be securely tightened into 
the other taper to be effective. 

Many te[:er joints have seals next to them 
that are ruined when wedged forks are used 
to separate the tapers. 

To loosen a tapered connection after the 
holding device has been removed, a sharp 
blow with a hammer on the side of the outer 
taper will usually free them. 
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CAUTION: Never pound on the end of a shaft with a steel hanmer. If it becomes 
necessary to strike a shaft, protect it by using a brass, copper, or 
other soft metal, or a covemut between the hammer and the shaft end. 
If this is not done, the shaft end may mushroom expanding it so it 
will be iippossible to remove the device or, if tfle shaft is threaded, 
to replace the nut. 



SELF-TEST 

Complete the sentence or circle the most correct answer. 

1. . List 5 methods of securing a gear to a shaft. 

2. l^ich method permits the gear to slide on the shaft? 

3. Which method creates the strongest fastening? 

A. TVie key slot for a woodruff key is and 

than for a plain kev. 

5. Which keyway is the most secure? 

6. A threaded hub with set screw permits a device to be re--positioned on the 
shaft. T F. 



7. Endwise movement on the shaft is called 



thrust . 



8. A shaft with a special shape on the end that matches a pullev or ^t^ar is 
describi'c) as a fitting. 

^) , Whirh rcinovisih L(' tittinK has the nu;st pressure points? 

ID, Wlii f h t vpr ot kev has a lfni^> slot? 
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SELF-TEST ANSWERS 



1. key, threads, spline, tang, welding, set screws 

2. splines 

3. welding 

4. shorter deeper 

5. woodruff 

6. T 

7. axial 

8. tang 

« 

9. spline 
10. plain 




ERiC 



c 



POST-TEST Package Number 103-E 

MOUNTING EQUIPMENT ON SIUFTS 

INSTRUCTIONS: Complete the sentence or circle the most correct answer. 

1. Attaching a device to a shaft by welding provides the 

attachment. 

2. Two types of keys are the and * • 



3. Of the two key types, the is the most secure. 



4. It is most secure because of the of the cut in the 

shaft. 



5, Threading provides security from thrust. 



6. Where high torque application is required, the best attachment method to 
use is 



7. Tangs (permit , do not permit ) the device to rotate on the shaft. 

8. Tangs will keep the device on a shaft when axial thrust is present. T F 

9. permit axial movement while a shaft is turning. 
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POS-P-TEST KEY 



Package No. 103-E 



MOUSING EQUIPMENT ON SHAFTS 

!• strongest 

2 , plain/woodruff 



3, woodruff 

4, depth 
axial 

f), splines 
/, do not permit 
8, false 
splines 



( 
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Canifihafta are a necaas&iry part of timing 
ireclproc^l motiou in mechaxvlcal applica- 
ttoxixu Ttiia.leasoa discusses camshaft©.^ 
and provides learaiag lof onaatlod and 
activities • 
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Upon euccessful completion of this learn- 
ing ;;|)ackagey you will be able to: 

1* Describe the purpose of a cam* 

2^ Identify the parts of a simple cam 
and explain their functions « 

34 Describe 5 different areas In which 
]\ :'cam8 are A«&^3d« 

'.^Describe the function of an auto- 
'^mobile camsliaftt 

5% BuUd a simple cam operated device 
If given the parts/ 



DEVELOPED KITH THE 
COOPERATION OF 



Stpte of Oregon Department of Education 
Lane Intermediate Education District 
Lane Community College 
Educational Coordinating Council 



PROJECT DIRECTOR: Dick Earl 
WRITERS: 
Frank Bi shop 
St(.ve Brous 



■)t at V of" DiH'^Mui I)o[)artmtMit of Mciuoat i mi 
I aiw Int (M'liuuii ;it I-.ducat J on Di ^ t v\ c\ 
!.an* C^mimiJi i t v Co 1 1 o.i^e 



\ \\\ \ .|..\ ':\\\ ; , I'Mi.VAl I 1;:. . 

»REST copy AVAILABLE 

ERIC ' 



LEARNING ACTIVITIES 



ACTIVITIES 



PURPOSE 



Read: Information Sheet 



Read: Grouse: Automotive Mecha- 
nics, McGraw Hill Book 
Company 



Read: 



Stockel: Auto Service & 
Repair , Goodheart-Willcox 
Co. , Inc. 



Do: Trace a cam on paper. 

- identify its parts (see 
definition of terms) 

Trace a distributor cam on ' 
paper. 

- identify its parts 

Obtain 3 automotive camshafts 
from the instructor. 

- inspect for consistency of 
lobes, including: 

---uniform height, shape, 
etc. 

- inspect for condition of 
parts 

on-ramps rlean and not 
pitted 



Given a micrometer and a 
camshaft ; 

- determine the amount of 
lift or drop rhe cam wi 1 1 
prodiicp to one thousandfilr 
of an inch. 



Additional material to 
supplement that contained 
in this learning package. 



This exercise is designed to 
give student ar understanding 
of the different shapes and 
sizes of cams. 



Determine if cam is worn where 
replacement is necessarv. 
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INFORMATION SHEET 



DEFINITION OF TERMS 



CAM 



An Irregularly shaped piece or projection as on a wheel or rotating shaft 
that Imparts reciprocal or variable motion to another piece bearing on lt< 

CAMSHAFT 

A shaft that has a cam mounted upon It, Automotive camshafts have cams 
molded Into It and have journals to mount the shaft on bearings, 

LOBES 

A commonly used name for the cams or bumps on an automotive engines' 
camshaft, 

CAM PARTS 



Toe 



The toe of the cam Is the point of greatest 
lift (or distance from the shaft). 

The toe may be pointed (as In A) or It may 
have a long, flat area (as In E) . The 
length of the flatness defines toe duration. 



- Heel 

The heel of a cam Is the portion nearest the 
shaft. It also may be rounded, pointed, or 
flat to determine heel duration (note C & G) , 

- Lift 

The lift of the cam Is the difference between 

the heel height and Che toe height. In the 

example, G is the lift of the second cam. 
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- On-rarap - Off -ramp 

The oa-ramp of the cam, (sometimes called 
the power side) Is that area of the cam 
In use as It rotates from heel to toe 
(B & F), 

The off -ramp Is the surface of the cam 
used as the cam rotates from toe to heel 
(D & H) , Speed of reciprocal action 
depends upon the slope to these ramps, 

- General 

The preceding terms are very simple to 
understand on most cams* However, some 
automatic machine tools, printing and 
other equipment have very complex 
patterns. These are not discussed in 
this unitt 

USES OF CAMSHAPTS 

Camshafts are used wherever circular motion 
must be turned into some other motion by 
pushing against the cam surface* 
Common uses are in: 




Automotive engines 



Automatic machine tools 





Printing equipment 



Washer timers 
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AUTOMOTIVE C^^^ SHAFT 

The automotive camshaft is 
designed to turn the rotary 
motion from the drive shaft 
into reciprocating to open 
and close the intake av:d 
exhaust valves on the engine « 

The lobes (cams) on the cam- 
shaft are positioned to they 
will raise the valve lifter 
on a precise timing basis. 
There is an extreme amount 
of downward pressure on the 
camshaft that is exerted by 
the valve springs. As a re- 
sult , bearing and cam surfaces 
are designed for a heavy force. 
The shaft usually has a bearing 
between every two or four cam 
lobes. More bearings will per- 
mit a higher loading. 

Adequate oll^pressure is 
required to assure bearings do 
not score. Pressure is main- 
tained by having correct toler- 
ances in the bearing areas. 
Always use the micrometer when 
checking a camshaft to assure 
that bearing journals and lobes 
are consistent in height and 
withing the tolerances of the 
manufacturer. The lobes, ramps 
and toe whould be checked for 
pits. If lobes are defective, 
the shaft should be replaced. 

Never store a camshaft horizont- 
ally. The watght of the shaft 
or other pressures may, in time, 
induce a small amount of sag in 
the shaft. Always store on end 
or support it by its bearings. 



The bottom of the valve lifter should be 
checked for wear. The camshaft usually 
turns against the bottom of the valve 
lifter in a slightly off-center or angle 
t'aced position to cause the lifter to 
rotate in use. For this reason, the 
lifter should have a bearing surface on 
its bottom* If this surface is concave, 
pitted or scored, it should be replaced. 
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GENERAL 

Although this description has been written around the automotive camshaft, 
similar shafts are required in other engines or compressors. 

Printing equipment, feed mechanisms, and semi-automatic shop tools (cutters 
and pattern machines), typewriters, office machines, etc, use cams to 
arcomplish their functions. Keyboards activate cams in electric typewriters, 
etc. Often, the camshafts are ordinary shafts with the cam itself being 
attached to a shaft in the same manner that a gear or pulley would be 
attached to a shaft • 

In every case, a cam changes the direction of motion between rotary and 
reciprocating or to some variation in between. 



SELF EVALUATION 

Complete the sentences* 

1, A common name for the bumps on Che automotive camshaft is 

2, Cams turn rotary motion into _ motion. 



3, Cams are used in washing machine 



devices « 



4, The lift of a cam is the distance between the 
toe of the cam. 



and the 



5, The speed of action of the power side of the cam depends on the steep- 
ness of the > 

6, Return speed is controlled by the slope of the 



7, The duration of time taken in the rest position depends upon the length 
of the 



8; When the camshaft works under heavy loads, more 
required. 

9, Automotive cams usually rotate , , , 



are 



10. Check condition of lobe 



and 



for pits and wear when 



inspecting an automotive camshaft. 
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CAMSHAFTS 



POST-TEST KEY 



Package No. 10 3 -F 



!• rotary 

2. toe 

3. duration 

4. heel 9 toe 

5. slope 
6 « lobe 

7. micrometer 

8* keyboard 
timers 
paper feeds 
cutting guides 
valve timing 
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POST-TEST Package Number-iO?.:! 



Complete the following sentences; 

1. Cams are used to turn motion Into reciprocating 

motion- 

2. The cam's ^ is the point furtherest frc i the shaft. 

3. is the amount of flatness at extreme ends of the 

cam lobe. 

4. Lift is defined as the distance between the and 

the . 

5. Speed of cam action is determined by the ^ . of the 

on-ramp and off-ramp. 

6. Check lobe height of the automobile camshaft for consllstency with a 

. 

7. Give exampj.es of cam use in the following areas: 
Typewriter 

Printing equipment - 

automobiles 

washers 
machine tools 
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MACHINE COMPONENTS — BEARINGS 



Goal: 

The apprentice will be able to describe 
bearings and their function as machine 
components . 
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Performance Indicators: 



1. 


Describe 


plain bearings. 


2. 


Describe 


:naterials used in 




nain bearings. 


3. 


Describe 


lubrication of 




plain bearings . 


4. 


Describe 


removal and replacenent 




of split 


bearings. 


5. 


Describe 


ant i~f rict ion oeari ngs . 


6. 


Describe 


removal of anti- 




friction 


bearings. 


7. 


Descr i be 


cleaning of anl i - 




f ri cl i on 


bearings. 




Doscr i be 


inspect ion ot ant i - 




f r i r t i on 


hfviri ngs. 




i)es( r i hr 


1 ubr i rat i on ri t i - 




j r ) ( t i on 


r 1 n;',s . 




l/osc \ i be 


nist a 1 1 at 1 nil <)\ 
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-A INTRODUCTION TO PLAIN BEARINGS 



This learning package provides an intro- 
duction to one type-plain (friction) be/ir- 
ings. These are extensively used in engines, 
compressors, pumps, home shop, and lawn 
and garden equipment. 



Upon successful completion of this course, 
you will be able to: 

1. Define a friction bearing. 

2. Identify three types of friction 
actions for which bearings must be 
used. 

3. Describe four types of split bearings. 

4. Sketch and identify the parts and 
function of those parts of an auto- 
motive crankshaft bearing. 
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LEARNING ACTIVITIES 


ACTIVITIES 


PURPOSE 


Read: Information Sheet 




Read: John Deere, Fundamentals of 
Service Manual, Bearings 
and Seals 


Much additional material is 
available on bearings of all 
types, Setvice manuals may 
be referred to for additional 


Read: Grouse Automotive Mechanics 
McGraw-Hill Book Comp-, 
chapter on Engine Co cuct 
ion Block crankshlH' .nd 
Bearings 

Chapter 6, page 100 


information. 

t< 


Do: Obtain several friction 

bearings from your instructor 
Be able to identify them by 
type and use. Also, identify 
all parts of the bearings. 


By pointing out the features on 
real bearings, a better under- 
standing of bearings is ob- 
tained. 
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INFORMATION SHEET 

BEARING INTRODUCTION 

Whenever a shaft carrying a gear, 
wheel, or pulley turns within its 
supports, there must be some pro- 
vision to reduce the friction which 
causes wear. 

That provision is in the form of 
bearings. Bearings not only 
support the shaft but keep it in 
alignment as well. 

Friction is reduced by providing 
sliding friction on a smooth bear- 
injT surface (Friction Bearings) or 
rolling friction by placing balls 
or rollers between the shaft and 
its support. (Anti-friction Bear-' 
ings) . 

FRICTION BEARINGS 

Friction bearings are usually found 
in the form of bushings or plain 
bearings . 

Friction bearings must have a 
softer surface than the surface 
of the journal facing it. 

The bearing surfaces normally do not 
rub metal-on-metal except in extremely 
light duty use. Oil is usually forced 
into the area between the shaft journal 
and the bearing surface. The turning 
of the shaft forces oil to wedge beneath 
it, actually fomiing an oil cushion that 
will support the weight of the shaft. 
The oil that remains on a surface without 
pressure , "boundary lubrication" , or 
viscuous friction caused by turning the 
oil molecules is not sufficient to pre- 
vent wear. 




It is for this reason that auto-- 
motive engineers claim that most 
engine wear occurs during cold 
start and warm-up. 

Friction bearings are U3ed in auto-- 
motive, truck, tractor, stationary 
engines, compressors, etc, to combat 
friction harmful from the following 
types of action: 

JOURNAL 

Journal action is the support of a 
spinning shaft. Bearing surfaces 
are required to reduce friction 
while supporting the rotating 
motion (radial loading) . 

GUIDE 

Guide action will keep a device in 
alignment as it slides. Automotive 
valve stems and piston skirts are 
illustrations of this type of action. 
Anytime two 'surfaces make contact 
while moving, the bearing capabilities 
of the material from which these are 
made must be considered. 



THRUST 

Thrust is the axial pressure th?t is 
applied to a rotating shaft. Not only 
is bearing required for the journal 
or ttional motion, but is also re- 
quii^u to hold the shaft in position. 
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TYPES O F FRICITON (PLAIN) BEARINGS 

SOLID BEARINGS (Bushing or Sleeve) 

Bearings are usually made of copper, 
brass, bronze, or a combination of 
the above* Often they are made with 
a sintering process in order to hold 
graphite o^r oil. These go by many 
different trade names such as Graph- 
oil or Oillite, etc. These bear- 
ings provide .radial or guide motion 
only* 

Another type of solid bearing is 
made of rubber and hds a spline-like 
center to permit the lubricant 
(usually water) to flow through it 
to support the radial motion of the 
shaft. The outer support is usually 
of hard rubber. 

NOTE: For more information on mater- 
ials, see Learning Package 104 B 
•'MATERIALS IN PLAIN BEARINGS''. 

SPLIT BEARINGS 

There are several types of split . 
bearings. For the purposes of this 
Learning Package, they will be 
labeled by an artificial type number. 

1. Type 1: This type of split bear- 
ing is made of solid copper, brass, 
bronze, etc. It starts out as a 
piece of flat metal but is stamped 
and shaped during its manufacturing 
process to the size and design re- 
quired for a particular light duty, 
radial load application. 

2. Type : This type of bearing is for 
hea' )t duty radial loads. It is 
con:^ r ;t-Gd with bearing metal of 
brc ^^-^ , babbit, etc. over n hard 
metaj backing. This typo, of bear in )t 
is often used in automotive camshafts 
or other applications where licaviar 
bearing- loads and controlled lubrication 
are available* These bearinp.s are 
>',enernlly used to support radial loads- 
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Type 3: Split bearings of this 
type are often constructed of 
wood, plastic, rubber, sintered 
metal or cast iron. They are 
usually one piece and are often 
molded to their final shape. 
These bearings are less expensive 
to construct but are very adequate 
for a large number of lighter duty 
radial and guide motion applications. 

Type 4: The split bearingsis most 
familiar to mechanics and those who 
have observed mechanical work. These 
bearings are most generally used on 
the automotive euf;ine crankshaft. 

These bearings are manufactured in 
halves and are steel-backed with a 
lining of bearing metal, bronze, 
babbit, sintered qietal, etc. Oil 
holes and grooves to distribute the 
oil are manufactured into the design 
of the bearing as are the locking 
tangs to hold them in place. These 
bearings^ generally control radial 
loads only. 



THRUST BEARINGS 

Thrust bearings are constructed to 
support axial loadings on the shaft. 
Some axial loads are all one direction 
while others such as crankshafts require 
bearing support in both directions. 

In plain bearings, thrust bearings are 
usually manufactured in the same manner 
as split bearings for particular loads. 
There must be a"" lip on one or both sides 
depending upon 'job requirements of the 
bearing. 
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^ SELF-TEST 

Complete the sentence or circle the most correct answer. 

1, Bearings are required whenever a shaft 

upon the support, 

2, Bearings are divided Into two classes, and 

3, In aadltlon to the bearings, helps -remove shaft 

friction, 

4, Plain bearings must have surface metal that Is than -the 

shaft metal. 

5, Another name for a plain bearing is a • 

6, Normally, bearings and shafts ( do, do not ) rub metal on metal when In 
use* 

?• Axial pressure applied to a bearing Is called pressure, 

8* Piston skirts are really bearing surfaces. T. F* 

9. Solid bearings are always made of metal. T. F. 

10, Split bearings are used tnos*tly for the support of loads. 

11 • The device that locks a split. bearing into place is called a ■ 



qou op 
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POGT-TEST KEY 



Package No. 104-A 



INTRODUCTION TO PLAIN BEARINGS 



1. plain friction, anti-friction 

2. F 

3. thrust 

A. distribute oil 

5. iight 

6. T 

7. thrust 
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POST—TEST Package Number ^^t. 

INTRODUCTION TO PLAIN BEARINGS 

INSTRUCTIONS: Complete the sentence or circle the most correct answer. 
1. Name the two main categories of bearings. 



2. Split bearings always have matching halves. T F 

3. Axial pressure is usually called _^ . 

4. The groove In the middle of the bearing Is designed, to ^ 

5. Bearings made from solid bearing material are usually designed for 
(light y. medium , heavy ) loads • 

6. Bearings are sometimes made of wood or plastic, T F 

7. A lip cn a bearing usually means that the bearing will handle 

loads . 




COPYRIGHT (c) 1973 . . . State of Oregon Ddjiartment rof Education 

Lane Inteinnediate Education district 
Lane Coraniunity College 



• 



PUBLISHED BY: CONTINUING EDUCATION PUBLICATfONS 

EXTENSION HALL ANNEX, CORVALLIS, OREGON 97331 



BEST COPY AVAILABLE 



I 



LEARNING ACTIVITIES 



ACTIVITIES 



Read; Information Sheet 



PURPOSE 



Read; 



John Deere, Fundamentals n f 
Se£ZiceJ4Muar2[li«ingF 



and Seals 



Do : 



Obtain bearing samples from 
your instructor and identify 
the metals in each one. 



Added reading will provide a broader 
base of information for the student. 



Use of actual bearings to recognize 
the metals will provide more con- 
fidence than working with book 
explanations and pictures. 



INFORMATION SHEET 



MATERIALS IN PLAIN BEARINr.S 
WOOD 



Wooden bearings are used on large 
slow-moving shafts such as con- 
veyors that operate in very dirty 
conditions. They are not expensive, 
do not require much maintenance, 
and are relatively long-lived. 

RUBBER 

Rubber bearings are used primarily 
where there are large amounts of 
water. This would be in pumps, 
sand and gravel washers, turbines 
boat propellers and shafts. Rubber 
helps reduce vibration and shock, 
giving quieter operation. 

PLASTIC 



Phenolic, teflon, nvlon, etc. are 
becoming popular for bearings because 
they conform in shape, are partially 
self-lubricating and resist corrosion. 
Sometimes thev are laminated (lavered) 
vith cotton f".:.rlc, absestos, or other 
materials for added strength and shock 
resistance. Thev do not transfer heat 
re.-idilv- and, therefore, adequate cool- 
ing must be provided, ar in mmvH. 
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STEEL 



Soft steel is sometimes used to support 
shafts where little movement Is expected 
i.e., the main requirement is for support, 
such as in the table of a drill press • 

Hard steel bearings may be used to supoort 
slow moving shafts for wheels. An example 
of this would be in some hay ralces, 

CAST IRON 

Both cast iron and hardened cast iron are 
used for slow moving shafts that operate 
in very dirty conditions. 

These materials are used for bearings 
in farm equipment, conveyors, etc. 
because of the dirt wear-resistance. 

ALUMINUM 

Aluminum bearings are often used where 
weight is a factor. They can function 
in high speed applications with proper 
lubricacion. 

SINTERED METAL 

Sintered bearings are often used in low 
maintenance type of machines. Sintered 
metal bearings are constructed by crush- 
in particles of metal to the shape of 
the bearing under extreme pressure and 
heat. This process leaves a porous sur- 
face that will retain bearing lubrication 
for an extended time. Bearings are made 
of iron, brass, bronze, graphite, etc. 
and are impregnated in lubricating oil 
prior to being installed. 

^COPPER, BRASS, AND BRONZE 



Bearings of these materials are used in 
many apolications . The particular metal 
iu use depends upon the application and 
the wearing charcteristics of the metal 
to be used. Bronze, nonnallv an allov of 
copper and tin, is the most commonly used 
of the three metals;. 
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COPPER AND LEAD 

An alloy of these two metals is used where 
the support of copper and the softness of 
lead are required in the bearing. This 
alloy is often used as a backing for babbit, 
tin or silver in engine crankshaft bearings. 

BABBIT 

Babbit is an alloy of antimony and tin. It is 
a relatively soft material and is most often 
used in conjunction with a backing material as 
described under COPPER AND LEAD. 

Babbit bearings are the most common in use today 
in the automotive or industrial engine crank- 
shaft bearings. 



SELF-TEST 

Identify eight material from which bearings are made. 



Give examples of lase of the above. 
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SELF-TEST KEY 



Wood, rubber, plasic, steel, cast iron, aluminum, sintered metal, babbit, 
copper & lead, copper, brass, bronze 



wood - large, slow shafts 

rubber - boats, pumps, etc. 

plastic - pumps 

steel- drill press beds 

cast iron - farm equipment 

aluminum - aircraft 

sintered metal - lawn equipment 

brass 

copper - small motors , generators 
bronze 



babbit - automotive bearing face 

copper and lead - automotive bearing back 
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POST-TEST KEY Package No. 104-B 

MATERIALS IN PLAIN BE/iRINGS 

1. large 

2. water 

3. cast iron 

4. heat 

5. oil 

6. combination 

7. bronze, babbit 

8. babbit 

9 • aluminum 
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POST— TEST Package Number 



INSTRUCTIONS: Complete the sentences or circle the most correct answer. 

1. Wood bearings are used with ( large, medium, small ) shafts. 

2. Rubber bearings are used when the shaft rotates in a large volume of 

• 

3. Dirt resistance is best in, bearings. 

4. Plastic bearings do not readily transfer . 

5. Sintered metal makes provision for __ . 

6. An alloy is a of metals. 

7. Name two alloys & . 

8. bearing metal is most common in automotive engines 

today. 

9. IS used for bearings where weight is a major 

consideration. 
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104-C LUBRICATION OF PLAIN BEARINGS 



Bearings must never be allowed to run 
dry. This lesson provides material to 
introduce the student to various methods 
of distributing lubrication to bearings 
(for information on various types of 
lubrication and their uses, refv^.r to 
Division Code 108 of the VIP Industrial 
Mechanics Cluster Guide ^'Lubrication** . ) 




Upon successful completion of this course, v 
the student will be able to: 

!• List five systems for distributing 
oil or grease to a mechanism. 

1, Describe the components and the 
function of each system* 

3. Trace or diagram the oil passageways 
in a modem automobile engine. 

4, Diagram and describe the purpose for 
different bearing oil groove patterns. 
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LEARNING ACTIVITIES 

ACTIVITIES ' PURPOSE 



Read; Information Sheet 


Each text proArides added informa- 
tion on oiling: systrms. The 
automotive books show both general 
and specific examples of all types 
of motor oiling systems. 


Read: John Deere, Fundamentals of 
Service Manual-Bearings and 
Seals 


Read: Motor Manual 


Read: Stockel Auto Service and 
Repair, Goodheart^-Willcox 
Co* , Inc. 


Do: Draw a sketch of a simple 
manual oiling system 


By ' drawing these diagrams and 
handling "live" component parts, 
the student increases his know- 
ledge of the lubrication systems. 

" 


Do: Diagram a pressure grease 
fitting showing why the 
grease will not leak out 


Do: Diagram an automobile full 

pressure oil system and show 
how the following are oiled: 

crankshaft bearings, rod 
bearings, camshaft bearings, 
rocker arms, valve stems 


Do: Obtain sample parts from 

instructor and identify all 
oil passageways. 



INFOIMMION SHKKT 



'^J- 01' LUI3RICANT T() PLAIN BEARINGS 

l.ubri cat i(na may hp di ; rlbuted Lo plain 
beari.n,;s in many ways. 
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OIL CAN 

Oil may be manually placed in an oil 
reservoir via an oi^ cup. This tech- 
nique is used in sintered bearings and 
inexpensive equipment designed for 
occasional use, such as lawn equip- 
ment. Oiling should be done prior to 
each use. 



GREASE GUN 

Some applications of lubricants use 
a grease gun to place grease in the 
bearing under pressure via a pressure 
fitting of some type. The fitting 
causes the grease to remain in the 
bearing area by not permitting it to 
back out the way it was injected. A 
ball check permits a one-way direction 
for the grease V 



CENTRAL GREASING 

Sometimes several hard to reach fittings 
are connected with tubes to a central 
grease pump. As the need for lubrication 
arises, a central pump forces grease to 
all of them, simultaneous. 

Caution should be exercised in this type 
of r,y?tem that each area is checked for 
adeauate lubrication. If one fitting 
bocomes plugged, the hydraulic pressure 
may over- lube the other fittings while 
leaving the plugged fitting dry. If one 
of the tubes leading to a fitting breaks or 
comoH off, the pressure is lowest at that 
point and all the groase IfMks out without 
luhri citing the bearings. 



LUBRICATION OF CI^KSHAFTS 

FULL PRESSURE OILING 

Crankshafts that turn at high speeds 
usually are oiled under pressure at 
the main bearings. 

Oil lines or passageways are designed 
in the support mechanism to allow 
pressurized oil to be applied directly 
to the main journals. 

Usually the shafts are drilled to 
permit this oil a passageway through 
the crankshaft. It is Important to 
have the main bearings and journals 
round and fitted closely to prevent 
the oil from, leaking out at the main 
and not supplying the rod with 
sufficient oil pressure. 



Rod bearing life will be shortened without 
enough lubrication. 

Anytime the crankshaft is removed for 
maintenance, that shaft's oil lines 
should be cleaned. A welding rod, 
drill bit, rifle brush, or other tool 
should be used to^be certain the oil 
lines are clear. Use care not to leave 
metal particles, a rough surface, or 
burrs in the lines, as they may cause 
future oil obstructions. 

In high 3peed, high compression engines, 
the bearings are usually made of an oil- 
absorbing metal (babbit) that permits a 
low friction surface. This metal is 
backed by a harder material to provide 
more shape-holding characteristics to 
the bearing insert. A bearing fails when 
the soft oil- absorbing materials wear away 
and the crank journal rubs directly on the 
backing metal. This occurs if enough oil 
to properly lubricate the bearing does not 
reach its surfac,^. Often a defr^'tive bear- 
ing will be noticed before the ^ ankshaft 
Journal shows wear 
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SPLASH OILIN(? 



Some low speed, low compression engines 
or heavy duty equipment that use ball 
or roller bearings on the crankshaft 
journals e'ire oiled by the splash or 
combinatlwi splash and full pressure 
method. In the pure splash system, 
each connecting rod has a dipper on 
the rod bearing cap. These dippers 
move through oil trays throwing oil 
up into the engine. The action of 
splashing the oil inside the engine 
causes an oil mist to be constantly 
sprayed on all internal engine parts 
that move. ^ 

COMBINATION SPLASH AND FULL PRESSURE OIL SYSTEMS 

A combination of the above are used 
in some engines. Pressure oil is fea 
to main bearings • camshafts and valve 
mechanism and the rest of the engine 
lubricated by the splash system. In 
all cases, oil level must be maintained. 

LUERICATION DISTRIBUTION INSIDE PLAIN BEARI NGS 

BEARING GROOVES AND CHAMFERS 

Bearings r.iay have oil or lubricant 
supplied to their exterior, but it 
Is importa.1t to be certain that the 
lubricant is uniformly distributed 
to the entim area of contact be- 
tween the bearing ^i\d the shaft 
journal. Depending upon the lubri- 
cant, the bearing, and the operational 
requirements, the bearings may be 
drilled, cut, grooved or chamfered to 
make most ef^':ictive use of the lubri- 
cant. 

General, light duty applications 
use simple oil grooves. 

If oi'' is to be properly supplied 
to the bearing ends (a) or in 
fractional horse power motors (h) , 
l\uM\ these grroves must be; present, 

(Jrpas(^ 1 iihi i c/iti on fleinandj; a more 
comp ] e X g ro ove s y t em . 
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A feeder hold and axial 
distribution ring is often 
used on large, slow speed 
bearings . 

Chamfered recesses in split 
bearings serve the function 
of lateral distribution of 
oil in some engine bearings. 

Sometimes, the chamfers are 
grooved to permit more oil 
to cool the. bearing. 

Other ^designs are made up for 
special needs of unique equip- 
menl:* For example: pulsating 
loads or water lubrication may 
use the spline-type grooves 

SELFHCEST 

Complete the sentence or circle the most correct answer 

1. Hard to reach grease fittings are often greased through a 

greasing system. 

2. Oil cups should be filled prior to each • 

3. Gxease fittings often use a bail check co control the 

of the grease flow. ^ 

4. Today automotive engines are usually oiled with the 

system* 

b. Dippers on connecting rods cause the oil to form a 

6* The bearing fit is important because it controls the oil 

7. Most U.S. engines use a bearing with a surface of 

8. Crankshaft oil passages should be when the engine is 

disassembled for repair* 

9. BtMring failure always results in ^haft failure. T F 

10. Oil IS distributed inside a bearing by the 

11. A icM'dor hold and an axial p.roovc is usuallv found where ^ ^_ 

shafts turn. 

i;^. l.uhTi cat ion mav be dono with oil, grease, and . 
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SELF-TEST ANSWERS 




2 . use 

3. direction 

4. full pressure 

5. mist 

6. pressure 
^ 7. babbit 

8. cleared 

9. F 

10. oil grooves 

11. large, slow 

12. water 
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POST-TEST 
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Package Number iPAtC. 



LUBRICATION OF PIAIN BEARINGS 

Check the lubrication system of a given piece of equipment. 
Explain the types of lubrication systems involved. 

* 

Describe why each of the above lubricating systems is used. 

1. What kinds of bearings are being lubricated. 

2. How the lubricating system works. 

3. What other types of system could be used (if any). 
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LEARNrNG ACTIVITIES 



ACTIVITIES 



PURPOSE 



Read: Information Sheet 



Read : Auto Service and Repair , 
Stockel, Goodheart-Wllcox 
Company 



Read: Chapter on Friction Bear- 
ings, Chapter on Crankshaft, 
Main bearings, Flywheel 
Service 



Read: Fundamentals of Service , 
Bearings and Seals , John 
Deere 



Do: Obtain rod and crank systems 
from yaur Instructor. 

- remove and replace inserts 

- adjust bearings in a bear- 
ing shim system 



Do: Obtain set of used Insert 
bearings. 

- identify cauP2 of bearing 
failure for each bearing 



Do: Using a micrometer, check a 
samftle system and determine: 

- if shaft is within toler- 
ance 

- if bearing shows wear 



Read additional texts to 
expand the material in the 
information sheet. 



Teaches you how to remove and 
replace bearings and how to 
adjutt them. 



Identify bearing failure. 



Be able to determine if shaft 
will need standard bearings or 
oversized bearings. 
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INFORMATION SHEET 



SPLIT BEARING REMOVEL 



A visual awareness must be maintained 
when disassembling areas containing 
split bearings. Nearly all internal 
combustion engines use this type of 
bearing, from lawn mower engines and 
outboard engines through heavy duty 
truck and tractor engines. 

Engines have been line bored after 
the caps were mated to Che housing. 
Therefore, each cap Is uniifue to the 
position It fits. Bearing caps should 
bot be mixed. 

Before tne bearing caps are removed 
irom the engine, the mechanic should 
note if all connecting rods and caps are 
Identified to permit the replacement 
of the same rod and cap back to its 
original shaft journals. If they are 
not so marked, they should be identi- 
fied by marking with a center punch 
to prevent placing them in a dif- 
ferent location. 

, NOTE : Do not mark on cap top over the 
bearing area. Tlie main bear- 
ings pillow blocks should be 
marked in a similar manner In 
order to facilitate reassembly 
of the motor. 



MARK 
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After assurance of proper parts marking, the bolts may be removed from the 
pillow blocks. (Note: a good rule to practj.ce is to store bolts In such a 
way as to be able to put them back into the holes form which they came.) 

Split hearings are easily removed from each h^lf o£ the bearing bore by 
sliding them toward the tang slot on the bearing. 

It may be desirable to remove the upper 
main inserts while the crankshaft is 
still in the engine. A bearing insert 
removal fool may be placed In the oil 
passage of the crankshaft and the 
shaft rotated 9o the tool touches the 
side of the bearinj? away from the tan^. 
Continue rotation to remove the Insert. 
Reverse this procedure to install a 
new Insert. 'h^TV: Hon ' t forp:et to oil 
both aides of rhn Insert. 
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INSPECTION OF SPLIT BEARINGS 

Once the bearing halves are removed, they ihould be Inspected to determine 
their condition. The condition of the bearing surface can tell the mechanic 
a great deal about the shaft journal. 

~ Overloading or Overheating Operating Conditions 

This type of failurd causes metal fatigue which permits the plated bearing 
surface metal to break away. 

- Tapered Shaft Journals 

If a journal is tapered, it will wear the bearing on the same side in both 
bearing halves. 

- Misalignment of Shaft 
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If a shaft and bearing are not in proper alignment, the bearing will wear 
on opposite sides. This wear is caused by undue pressure on one side of the 
bearing and the other side, navlng nofe clearance than was engineered, will 
permit the lubricant pressure for the bearing to drop. 

- Lack of Lubrication 

Lack of lubrication can be caused by several conditions. 

— lubricant not at proper level 
— lubricant pump malfunction 

— faulty filter by-pass valves 

— lubricant lines or screens plugged 
— bearings incorrectly installed 

— badly worn bearings reduce oil pressure 

Lack of lubricant will show up as premature, severe wear on the bearing surface. 
This wear is usually spread evenly across the surface of the load bearing area. 

Before the hearing is replaced, the service technician should be certain the 
reason for lubricant starvation has been located and corrected. 

- Corrosion 

Corrosion may be cai/ied by contaminants in the lubrication fluids. Acids 
build up in certan types of use. Other contaminants may enter the lubrication 
system by malfunction of certain component parts. Fuel' may enter when the 
diaphrani of a fuel pump breaks. Antl-freeze may enter if a gasket fails. 
Any foreign matter may affect the life of the bearing. 

- Dirt 

Rearing Inserts must be inatalled in a clean environment and must be clean 
thpmselv(!9. Pieces of dirt should hn removed Crorn the bore area as unequal 
presHure will result in abnormal wear. 
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PROPER INSTALLATION TKCHNIQUES FOR SPLIT BEARINGS 

Friction l^earlnpB are nQ,t repftlred* They are replaced If any defects have 
been found. ^ 

CLEANLINESS 

After the bearing has been removed aiid the bore area and bearing inspected, 
the bore area should be cleaned to assure that no prlt, dirt, or foreign 
matter remains to diaturh the new bearing. 

NOTE: Do not handle the soft metal that faces the loumal area more than 
necessarv, Acids from the human hand will etch the surface of the 
bearing. Any handling is likely to contaminate the bearing surface, 

MEASURING FOR PROPER BEARING 

Be sure that the correct bearing is available for the installation. If the 
shaft has been found to be in a good, smooth condition vi-sually, it should be 
measured with a micrometer to be sure it is within tolerances for roundness and 
taper. The micrometer will provide the size of the shaft, journal. Check 
manufacturer \s technical manual to determine if the shaft remains within 
tolerances . 

Reinstall the hearings (without the shaft) and, using an inside micrometer, 
measure the inside diameter of the bearing. 

The difference hetwe^i the inside measurement of the bearing and the outside 
measurement of the shaft represents the oil clearance Ijetween the shaft and the 
bearing. 

Refer to manufacturer's specifications to obtain the correct clean^ce require- 
ments for this application. 

If the shaft Is .^tlll within the manufacturer'^ tolerances, the wear probably 
has occured In the bearings. This may be checked by comparing a micrometer 
reading from the side and bottom of the bearing half. 

Be sure to use a piece of round material to compensate for the curvature of the 
bearing. 

Hearings arr UFJiinllv marked STD or .001 or .00? or .010 of nn inch to fit a 
shaft that has worn or has been ground to a smaller than standard size. 
Markings usually appear on the hearings but sometimes mav be found only on 
their shipping box. 

«KPLACTN(: THK HKARINHS 

If rrplarlnp the Sear1nr,s In a crankshaft of an enj'.In* •: . "•►^-ot. 'tr., chp 
follou'inr ^a.pn^ slioiijii rnkpn 
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2. Lay out all bearings in the proper order for installation. Some engines 
have different sizes for different locations. 

3. Place the upper haves of each bearing in the block. (Do not intermix 
between bearing halves). NOTE : Be sure the oil holes of the block 
aatch the oil holes in the bearings. 

Be sure the locking tangs of the bearing fit in the proper slot in the 
bore area. 

4. LUBRICATE THE BEARING HALVES LIBERALLY WITH OIL TO BE USED IN THE SYSTEM, 

5. Place the shaft gently in the bearing halves. CAUTION: Care must be 
exercised so damage to the bearings is eliminated. 

NOTE: Prior to this st'ip, be swre all shaft oil lines have been cleaned. 

6. When shaft is freed, turn the shaft by hand to distribute oil ovdr the 
journals. 

7. Place the bottom halves of each hearing in the pillow block with bearing 
tang in the proper slot or the dowel in the bearing dofwel hole. 

8. Match each bottom bearing to its other half /place over the shaft journal 
and tighten bolts finger tight. 

NOTE: Be sure the tangs of the upper 
and lower half of the bearing 
are together. Check to assure 
the oil dippers (if installed) 
are in good condition and are 
pointing in the proper direction. 

9. Torque the bolts of each cap to 
manufacturer's specifications, 
beginning at the center and 
working toward ends of shaft. 

10. Turn shaft by hand to test for 
proper bearings after tightening 
each cap tjo specified tension. 

,/ 

NOTE: If shaft will not turn freely, 
the bearings are th« wrong 
size. Remove and replace 
with correct size bearings. 

CAUTION: Even though the shaft must be turned after each loumal is tightened, 
remember that onlv boundarv lubricatiou is present and excessive rotation can 

damage the new bearings. 
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SMALL ENGINES AND COMPRESSORS 



Sometimes small compressors and small enRlnes, those driving lawn equipment, 
scooters, etc., do not use a conventional split bearing in their construction. 

The rod Itself may be made of bearing metal or the hearing metal may be poured 
into the rod. This was often done In older automobiles. 

When the holes were bored to flt^ many of the halves of the rod bearings were 
separated by shims* Shims are thin layers of brass of steel designed to per- 
mit removal of one or several to allow the bearing cap' to be tightened on the 
shaft journal. 

In those rods where bhlms were not used, the adjustments to tighten the rod on 
the shaft were made by filing the edges of the rod cap to reduce the size of 
the hole# If too much metal has been filed away, the opening may be adjusted 
by adding shims. 

CAUTION: Be sure to take off metal evenly or the rod cao will be ruined which 
ruins the entire machine. For best . results, remove by holding cap against a 
surface plate clamped at 90^ to emory cloth while removing metal. 

These techniques do not work with precision bearings because the insert bearing 
metal has been plated on and does not have an adequate thickness to permit 
adjusting by tue of shims or filing. 

ADJUSTMENT 

The proper tension on a rod allows no rocking action or end plav on the shaft. 
Also, the rod will rotate freely on the crankshaft. 



SELF TEST 

Complete the sentence or circle the correct answer. 

1. Bearing caps should be marked on thb ( top , ed ge , end). 

2. Bearings may be removed with the crankshaft still in the motor by Placing 
a removal tool in the 



3. A shaft causes wear on the same side of both halves of 

the bearing. 

A shaft will. cause wear on one side of the top bearing 

half and the other side of the bottom. * 

5. Severe bearing wear that Is spread evenlv across the hparuu^ Is isuallv 
catised bv 

h, Most acrur^te mpaniirnmPnl'M of shafts -nv ^(»;u liu"- -'.iv ^ n.-idt"* , nslivr :i 



?• The best source of information on bearing tolerances ia to refer to the 
^ specifications. 

8. Before installing, bearings and shaft must be 

liberally. 



9, If bearings are new, it ig not important to match up bearinp halves, 
T F 



10. Always torque the 



caps first. 



433 uao '01 

d '6 

s ,a3an3 0BjnuBui 

pue ' I 



ERIC 



I (7 0 



POST-TEST 



Package Number 



Obtain shaft and rod systems from your Instructor. Meet his requl vettiants in 



1. Removing Inserts. 

2, Inspecting and Identifying cause of bearing damage- 
s' Replacing and adjusting to proper fit. 

If a shimmed system: 

1., Check bearing and shaft for condition* 

2, If shaft is acceptable, clean and adjust to proper fit.' 

3. If shaft is not acceptable, state why, sketch damage. 



the following. 
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AlwayH clean the area around the hearing houaluK ax\d Hhaft prior to bearing 
removal. This wt ]^ prevent unnecessary foreign material from entering the 
bearing area. 

Consult the appropriate technical manual 
for correct procedures in bearing removal. 
If no procedures are available, then 
study the bearing mounting to see if the 
bearing may be removed by one of the 
following methods: 

- use of a pulling device 

- use of a press 

- use of hammer and driver 



NOTE: Regardless of the type of device that 
is used, be sure that the pressure 
applied to the bearing is applied 
against ^he press fit race . Never 
strike or pull the free racq or the 
separator cage. 

USING A PULLER TO REMOVE A BEARING 



Generally speaking, a puller is a tool 
that will fasten firmly to a bearing 
or other device. The puller acts as 
a platform which will allow pressure 
to be applied to remove the device. 
Pullers are available in many sizes, 
shapes, and configurations. Most 
apply steady pressure by use of a 
threaded screw. 

Some heavy -iiuty pullers use a hydraulic 
ram in place of the screw as a means to 
apply pressure. Still others use a 
weight.ed handle to apply a hammering 
action to force the bearing from its 
••press fit** location. 

Though there are pullers of many sizes 
and shapes, all. grip the bearing or 
have an attachment to provide a non- 
slipping grasp of the device and all 
apply pressure to pull away from a 
shaft or housing. 






USING A PRESS TO REMOVE A BEARING 



When a puller is not available, or not as convenient to use, a bearing may be 
removed from a shaft and from some housings by use of a press. Again, be 
certain the bearing is supported so only the "press fit'' race and not the free 
race or the separator cage has pressure applied to it. If this is not done, 
the bearing will be damaged or may "explode", causing pieces of metal to fly 
about in a dangerous manner. . 



Support 



Rtess 
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The outer race* of a bearing may be 
Hemoved by a press by using a bar 
or cup-shaped piece of metal or 
tubing the same size as the race. 
This piece is placed on the race 
and pressure is applied to it. 



USING A HAMVIER TO REMOVE A BEARING 

There are times when a hammer is 
the only available tool to use to 
remove a bearing from a shaft. It 
may be used in either of the 
following ways with satisfactory 
results : 

- the tube method 

Grip the shaft in vise jaws with the 
bearing in position to be hammered 
down. Place a piece of tubing over 
the shaft and let it re^t on the 
"press fit" bearing racv. (He certain 
the. tubing ir, the snmu slz(' the 
race.) Tt)f' tubing shotihi Unyrc lugs 
welded to it to sui)|)ort a Mai f^hisel 
or drill. 
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Vflien Hhaft and iiihe arc. In position and n flat chlflel or dtlft Is placed 
af^nlnHt ilie Iu^'.m, the tube may be hammered down to remove t!ie bearluR race. 

Hammering should be alternated from side to aide or all around, if possible, 
to cause an even pressure to be applied to the bearing. This should prevent 
cocking of the bearing on the shaft, making it harder to remove and possibly 
damaging the bearing and the shaft. 

- the brass drift method 

This use of a drift requires that 
the shaft be held loosely between 
vise jaws with support provided, 
by two blocks that cross the jaws. 
The bearing '^pvess fit" race.'will 
rest on these blocks. After this 
set-up has been established, a 
brass or other soft material drift 
is used between the hammer and 
the end of the shaft. 

The purpose of the soft drift is 
to protect the end of the shaft 
from mushrooming or distorting 
from the pressure of the hammer 
blows. 

CAUTION: 

- Do not strike the race with a 
hammer. 

- Do not use a punch on the 
bearing. 

- Do not load the outer race. 

- Do not strike the shaft directly 
with the hammer. 

NEEDLE BEARING REMOVAL 

Instructions for the removal of needle bearings will be found in the shop 
manual for the device being disassembled, NOTE ; If a technician accidentally 
opens a needle bearing area, be sure that all needle elements are accounted 
for or the entire bearing will require replacement. 
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Sometimes a "piir,h fit" hearing, will not remove easily because of rust, dlrt» 
or a heated ease, etc. 



When this happens, the mechanic may have to resort to non-standard removal 
methods. 



CAUTION: The methods illustrated in this quest are unorthodox 
and may ruin an otherwise satisfactory bearing. All 
standard methods should be exercised before attempting 
these methods. Remember to check thoroughly to be 
certain that there is no other bolt, set screw, snap 
ring, or gear, etc. to hold the shaft that you are 
trying to remove. 

The following methods ahould be attempted in order: 

- TApping housing . 

If the "push fit" will not move under hand pressure, a hammer may be used 
to provide a sharp blow to the outside of the housing. Sometimes, a drift 
or flat chisel can be used if the housing bore is in an awkward position. 

The sharp blow should loosen rust or scale and permit the "push fit" race 
to move. 

- Use of puller 

If the shaft still does not move after tapping the housing, then a puller 
may be used on the shaft to attempt to free the shaft from the housing bore 

NOTE ; You are now using a puller to apply pressure against the wrong race . 
This will likely damage the bearing. 

- ^Tapping the shaft 

Sometimes, when other methods fail, 
bearings may be removed from a shaft 
by placifig a brass drift (or other 
soft drift) against the end of the 
shaft and then striking a sharp blow 
to the drift with a medium weight 
hammer. The "answering" inertia of 
the bearing may cause it to "walk" out 
of its housing. 

CAUTION: Be sure some kind of pressur 
is exerted against the inner 
race of the bearing to keep 
tiie end play of the shaft 
moving toward the blows of t 
drift. Care must be taken 
not to damage the oth^r end 
of the shaft- 
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- Use -of a chisel or torch 

When all else has failed^ it is sometimes possible , as a last resor t » to 
remove the balls or rollers from a bearing by using a chisel or cutting 
torch to open the separator and remove the rolling elements of a bearing. 
Once these are taken out, the shaft Is usually removable- After the shaft 
is out, the bearing races may be removed with a pullet or other conventional 
method. Damage to the bearing nearly always requires i^. to to be replaced. 

NOTE : Extreme care must be used to avoid laraage to shaft or housing bore 
when using this technique. "^-T^ 



SELF-TEST 

Complete the sentence or circle the most correct answer. 

1. When a device is forceil Into place under pressure, it is said to be 



2. The best source for bearing removal procedural information is a 



3. Regardless of type of removal equipment^ pressure must be applied against 
the ^ race. 



4. A is a platform which allows pressure to be 

steadily applied to a device. 

5. If pressure is applied to the wrong race, the bearing may 

6. A soft , is used'vhen haamerlng to protect the end of 

the shaft. 

7. When a j is used, a hammer should alternately strike 

either side. 

8. A punch may be used to loosen a bearing. T F. 

9- A hammer may be used directly on the bearing. T F. 
10. A hammer may be used directly on a shaft. T. F. 



A 



•6 
•8 

•9 
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ANTl-KRICTION BEARING REMOVAL 



Obtain test unit from your instructor, 
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Select equipment required to 'move the bearing. 

Demonstrate qr sketch and describe set-ups to remove the bearing hy 
utilizing: 

- a puller 

- a press 

- the hammer and tube 

- the hammer and dritt 



O 

Q) 
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LEARNING ACTIVITIES 



ACTIVITIES 



PURPOSE 



• 



Read: Information Sheet 



Read: John Deere, Fundamentals 
of Service t Bearings and 
Seals 

Stockel, Auto Service & 
Repair > Antl-f rlctlon 
Bearings 

Other text on anti- 
friction bearings 



Do: 



Obtain bearings from 
Instructor 

Find as many examples of 
failures from the Information 
sheet as possible 

Correlate bearing number to 
failure 



Each author expands the 
information available to 
add to your knowledge. 



Practical examples from real 
bearing failures help you to 
recognize failings in trouble 
shooting. 



INFORMATION SHEET 
BALL AND ROLLER BEAR ING INSPE CTION TECHNIQUES 

Normally ball, roller, and needle bearings are able to be placed back into 
service after they have been disttirbed, if they do not show wear or damage 
from installation or removal. Proper removal, cleaning. Inspection, lubrica- 
tion and installation is a must whenever a bearing is replaced. ^ 



ERIC 



lid 



INSPECTING A SHIELDED BEARING 



A shielded sealed bearing la not to be 
washed in solvent but it must be wiped 
clean of grease and dirt. This bearing 
may be visually inspected to determine if 
there has been damage to the seals by dent- 
ing or distortion during installation ot 
removal of the bearing. Any distortion of 
the shield may cause the lubricant to leak 
out or dirt to enter the bearing area. 

The sealed bearing should also be checked 
for broken races, scored races (shaft or 
housing slippage), dented races or shields 
from hammer or drift damage. 

Check sealed bearings for smoothness of 
roll described belov;. 

INSPECTING BALL AND ROLLER BEARING S ' 

After the bearing has been cleaned and dried, 
it should be kept free of dust and dirt while 
it is being inspected and until it is 
reinstalled. 

- Visual check 

Check for dents and breaks 

Dented races, broken separator cages, etc. 
are the result of improper installation or 
removal procedures, or perhaps too severe a 
load for which the bearing was not designed. 
Never place a damaged bearing back in service. 

Check for pits, scratches and flaked metal 
on balls, rollers and races. Also check for 
a bluish-black or brown color which indicates 
the bearing has been overheating. If the 
bearing comes apart, check all the parts 
visually. If the bearing does not come 
apart, use a light source to visually check 
the bearing In the rolling element to race 
contact area. 

Any signs of pits, scratches, flaking or 
discoloration are signs that the bearing 
Is failing and should not be replaced. 



mc IK) 



- Touch Check 

The last test for an assembled bearing 
(and for those that have been down when 
they have been reassembled) Is to hold 
the bearing over the fingers of (me hand 
and slowly turn the bearing. Be sure to 
turn the bearing a nimiber of times as 
the damage may be confined to one or two 
elements and the damaged spot may not be 
In contact every rotation. The bearing 
should be completely free from "click- 
ing*' or sticking. If such a condition 
persists, replace the bearing. At 
least one element Is dented, pitted, 
flattened, ate. 

A thrust bearing may be placed on a 
table and rotated by light hand pressure 
Noise, chatter, high pitched whining Is 
generally caused by one or more pitted 
bearings, not the meshing of gears. 
Transmissions have been known to shift 
hard because of vibrations set up in the 
gear train by a falling bearing. The 
pressures created by speed shifting can 
skid the bearings of a transmission , 
causing early bearing failure. 

Never save^art of a bearing to be used 
with parts of another bearing. These 
have not been factor mated and will 
probably not work well under load. 

•-Premature Failures- are generally due 
to the following: 

— improper fit of bearing 

— contamination 

— distortion 

— misalignment 

— improper lubrication 

-^vibration on still bearing 

— electrical current through bearing 

— defective material 

— lack or improper service 

— Improper fit 

— improper operation 



Check the internal and external race 
to be certain there are no cracks. 
It may be necessary to place some 
pressure on the rs^^ce to cause the 
hairline crack to open. 

— fit rust 

Fit rust is the result of the bearing 
fitting too loosely in the bearing bore 
housing. Rust is permitted to form in 
the air gap area. Do not sand off the 
area and re-use the bearing — it is 
already too small. Replace the bearing 
with one that will fit. 

— contamination 

A bearing may be contaminated by any 
foreign matter entering the ball and 
race area. This will cause scratching 
and pitting of the race and rolling 
elements. 

— distortion , 

A bearing race may be forced out-of-roudd. 
When this happens, the balls are loose on 
one side and too tight on the other. This 
causes undue pressure and the metal will 
flake. 



— misalignment 

A bent shaft, housing, or improper 
installation may cause the bearing 
to be misaligned. Misalignment 
forces the elements to roll off of 
their regular track and to exert too 
much pressure. 

— wrong lubricant 

Wrong or insufficient lubrication 
may cause the metal to smear in the 
rare. If so, the elements have 
rolled dry causing excessive heat 
which may cause them to slide In- 
fUond of roll. 




—vibration damage 

Bearings were designed to be under 
load while rolling. Occasionally, 
they may be loaded when standing. 
This will cause the element to 
flatten or will cause it to dent 
the race. 

— electrical damage 

Electrical damage is caused by the 
current making an arc between the 
element and the races. The arc 
causes the metal to fail. Be certain 
to find the electrical leak or the new 
bearing will also fail. 

— defective material 

Rarely does this occur today but, 
occasionally, you will see bearings 
that have failed for no apparent 
reason. 

— improper service 

Improper instalV/ -ion, removal, in- 
spection, lubrication, or use of the 
bearing will cause premature failure. 



INSPECTING NEEDLE BEARINGS 

The race surfaces for any needle bearings should 
be visually inspected for the types of damage _ 
discussed for ball and roller bearings. Each 
needle element should alsc be inspected for 
signs of deterioration. 

Because the needles are usually very fine, a magnifying or enlarging glass 
is very helpful in inspecting needle bearings. 
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SELF-TEST 

Complete the sentence or circle the most correct answer. 

1. A bearing must be inspected even though it is 

not completely clean. 

2. A bluish-black or brown color in the m^tal indicates possible 
damage. 

3. A bearing that "clicks" when turned may be all right. 
T F 

4. Pressure may be placed on a race to detect ^ 



5. If the bearing fits too loosely in its housing bore, it may accumulate 



6. wear is caused by the bearing being too loose on the 

shaft. 

7. Wrong may cause metal to smear. 

8. If a unit vibrates when standing still, rollers may flatten. 
T F 

'9. A bearing may cause the elements to run out of their 

track. 

10. Needle bearings are co fine that a 

is desirable for proper inspection. 
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POST— TEST Package Number_i2^dL_ 

\ 

Obtain post tfest bearing set from the instructor. Z 

) i 

Detect and identify damaged bearings. 
Sketch damage. 
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LEARNING ACTIVITIES 



ACTIVITIES PURPOSE 



1 ■ , — 

Read: Information Sheet 


Techniques for cleaning some 
bearings may vary by manu- 
facturer or author. Multiple 
points of view will permit 
personal selection of the best 
methods for you as a student . 


Read; Fundamentals of Service. 

Bearlnge and Seals. John 
Deere 


Read: Auto Service and 
Repair. Stockel^ 
Goodhea r t -Wi lleox ^ 
Anti-friction Bearings 


Do: Obtain one of each type of 
bearing from your instructor 
and : 

-clean, if appropriate, by 

accepted methods 
-obtain approval of the 

cleaning operation 
-hold for next lesson 


"Hands-on** experience ran show 
details of cleaning thar. may 
be missed in using just the 
written text as an only source 
of information. 



INFORMATION SHEET 

CLEANING BEAEIINGS 



CLEANING BALL AND ROLLER BEARINGS 



After the bearing has been removed from 
the shaft and housing bore, it must be 
cleaned, inspected, and re- lubricated 
before it can be placed In service again. 
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An exception to this is the sealed bearing 
with non- removable seals which has been 
lubricated and sealed at the factory. DO 
NOT place this bearing in cleaning solvent 
or It will be damaged These bearings 
should be wiped clean so their exteriors 
are free from grease and dirt. They can 
be checked for external damage and 
sealed on just one side, it should be 
considered as an open bearing and should 
be cleaned and inspected In the same 
manner as an open bearing* 



FolluWithe manufacturer's instructions for 
cleaning bearings. If none are available, 
use the following procedures: 

- wipe off the surplus grease or oil from 
the bearing. 

- place bearing in a tray or. In some 
manner, suspend the bearing in a clean 
container holding cleaning solvent. 

Do not allow the bearing to rest on the 
bottom of the container as it will rest 
in residue that has been washed off parts 
that have been cleaned. Be certain con- 
tainer is large enough to permit thorough 
washing of the bearing. 

NOTE : Do not use gasoline or other fuels for cleaning. Carbon tetrachloride 
will produce poisonous fumes. Use commercially available washing 
solvents. These have been produced especially for cleaning and have 
less dapger from fire as they have a higher flash point. 

After the bearing has soaked long enough to loosen the grease and dirt, use a 
sturdy brush to scrub the bearing, rolling the components to clean all surfaces. 
When the bearing ^ippears to be clean, blow dry with compressed air. If more 
grease and dirt appear during drying, repeat the soaking and brushing cycle. 
Spin slowly b^ hand to be certain all grease has been removed. Bearings are 
now ready for inspection. 

rCAUTIONl! NEVER SPIN BEARINGS WITH AIR PRESSURE! 

- The tremendous force generated may 
cause the bearing to fly apart. 

- If bearing ^^freezes'* while spinning, 
a thumb or finger may be' twisted off. 

- Bearing is likely to be ruined by hlc',h 
speed spinning when it Is In a drv 
Condi t i on . 

'J 
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CLEANING NEEDLE BEARINGS 

As stated in the introduction lesson 104E, some needle bearings do not have 
the normal components of roller and ball bearings. Usually, the separator 
cage is missing, often one and sometimes both races are not used in a 
particular needle bearing design. 

In cases where a race Is not used in either or both of the housing bore and 
shaft journals, the area is ground smooth and hardened to act as a race. 
Needle bearings are then placed between the journal and the bore with shaping 
or thrust washers to hold them in place during operation". Examples of this 
are found in soipe transmissions. 

Removal and installation of needle bearings is directed by shop manuals. 
Caution should be exercised to be certaiA all parts of the needle bearing are 
accounted for. Place all removable parts, needle bearing elements and races, 
if any, into a container with fresh cleaning solvent. Wabh thoroughly and 
dry with compressed air or clean cloth. Lay all parts out on a clean cloth - 
for inspection. 

CAUTION: Be certain to account for all parts. If one element is missing, the- 
entire bearing must be replaced. 

SELF-TEST 

Complete the sentence or circle the most correct answer. 



1. A 



bearing should not b-». cleaned in solvent. 



2. Gasoline, kerosene, and diesel fuel should not be used for cleaning 
because of the danger from * 

3, Carbon tetrachloride should not be used because it is 



A. Bearings should not be allowed to rest on the bottom of the cleaning 
solvent pan because of the - — * 

5. After brushing the bearing, it should be dried with ^ 



6. A bearing with one shield is considered to be an 

bearing in respect to washing. 

7. List three reasons why it is dangerous to spin a bearing at high speeds' 

bearings do not always have all of the normal 
(•omponents of an anti-friction bearing. 



I2.i 



ANSWERS TO SELF-TEST 

1. shielded 

2. fire or explosion 

3. poisonous 

4. dirt or residue 
5» compressed air 
6 ♦ open 

?• it may break (explode) at some stressed point if it freezes, it may take 
off a finger. 

8. needle 
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POST—TEST Package Number -Lll/i: 



INSTRUCTIONS: Obtain post-test bearing from instructor. 

3 



Clean and dry bearing,. Give to the instructor for evaluation. 
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LEARNING ACTIVITIES 

ACTIVITIES PURPOSE 



Read: Information Sheet 



Read: Stockel, Auto Service & 

Repalr > Goodheart-Wlllcox 
Antl-f rlctlon Bearings 



Read: John Deere, Fundamentals of 



Service , Bearings and Seals 



Read: Other text on bearings 



Additional texts provide other 
points of view In this subject 
area. Broaden your knowledge 
wherever you« can. 



Do: Obtain clean bearings from 
your Instructor. 

Lubricate In proper grease, 
using: 

- a grease packer (If avail- 
able 

- hand pack method 

Be sure to show finished 
product to Instructor for 
evaluation. 



This practical experience will 
teach the degree of penetration 
required and also permits 
Instructor to point out an 
over**greased condition. 



INFORMATION SHEET 
LUBRICATING ANTI-FRICTION BEARING S 
SELECTION OF PROPER LUBRICANT 

A lubricant for bearings must do three things: ** 

- maintain a film of lubricant between parts to prevent rubbing. 

- reduce friction between ball or roller elements and the separators. 

- prevent rust by providing a protective coat of lubricant over all the 
bearing parts. 

Bearings normally do not wear out. However, when an Improper or an insuffi- 
cient amount of lubricant is used, the bearing may fail prematurely. 
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Operator's manuals sometimes say very little about the type of grease to use 

on bearings. They may say to use "pressi . i-gun" grease, "wheel bearing" grease, 

or "multi-purpose" grease. 

Greases usually consist of lubricating oil that Is Incorporated into some kind 
of a thickening agent. These thickeners, known as soaps, provide many dif- 
ferent functions. Some have good water resistance, others heat resistance and 
still others hre very fibrous and cling to the parts that they touch. A 
variety of soaps provide a variety of types of grease. 

For years, it was necessary fot the equipment operator* to stock and use many 
types of grease for a single piece of equipment. Today's technology has 
developed good multi-purpose greases that, generally, may be used in all sit- 
uations. These may be available In several temperature ranges. Be sure to 
use the one that will adequately meet the needs of your application. Always 
follow the equipment manufacturer's recommendations. If available, on the 
lubricant to use. 

PROCEDURE FOR LUBRICATING BALL OR ROLLER BEARINGS 

Greases must be kept clean and free f^ dirt and moisture. If these are 
allowed to collect In the grease | thi grease will carry the contamination 
into the bearings and cause prematura failure of the bearing components. 

When available, a grease packer for bearings should be vsed. A grease packer 
forces grease through the bearing from one side, assurlu^i ^ solid pack without 
gaps or air bubbles* 

Bearing grease packers vary In size- and shape but, generally, follow the same 
principles. The bearing is held in place over a source of grease. As 
pressure is applied, grease Is forced through the bearing elements from one 
side. Force should be maintained until grease flows through, all around the 
bearing. The bearing is then removed and wiped clean. It is ready for 
installation. 

If a packer is not available, then bearings may be packed by hand. Be certain 
hands are clean and dry. Place a "gob" of clean grease on the palm of one 
hand. Then, holding the bearing in the other hand, work the grease into one 
side of the bearing . Be certain to rotate the bearing to apply the grease 
evenly around the race. Continue this process until the grease comes through 
the bearing all the way around the top of the opposite side of the bearing. 

NOTE ; A bearing is always greased from just one side until grease forces 

through all the way around the bearing to prevent gaps or air bubbles 
in the grease from forming. 

It is not desirable nor advisable to fill the bearing completely full. Too 
much grease will cause a churning and will generate heat. A good rule of 
thumb is to fill the bearing, then wipe all of the excess grease from the 
outside. The bearing is now reader to be installed or to store. 

If bearings are to be stored, they should be wrapped in grease-proof paper 
and tagged for identification, 

3 
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NOTE: Never let bearings that have been cleaned sit around without lubrication. 
Rust and dust mav start a bearing failure if they are left unprott^cted 
for just a short time. 

NEEDLE BEARING PACKINC 

Needle bearings are lubricated as a part oi the installing proces\s. Often tlie 
lubricant is the force that holds the needle elements in place as they are 
being assembled. 

SELF-TEST 

INSTRUCTIONS: Complete the sentences. 

1. The difference between oil and grease is the * 

2. Best source of lubricant information is from the . 

3. Modern greases are available in different _^ ran^';es. 

^. Some solved special problems, depending upon the 

characteristics of the thickening agent. 

5- It is important to keep all p,rease and • 

6. The fastest;, easiest, most thorough way to grease a bearing is to use a 

7. Bearings should be greased on .^ide (s). 

8. Gaps or will form in the grease if tt is not properly 

applied. 

9- Too much grease can cause the bearing to » 

10. A L'lean bearing should never sit out with<^ut grease or it will ^ 

11. A bearing to be stored must he ^ • 
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POST-TEST 



Package Number 



/\NT1-FRICT10N lUiARINC LlfP.K I CATION 



Obtain two bearings from your instructor, 

Grease one with a bearing. >;reasp packer (if avnilahlo.) 



(ivease tlie other by hand. 



Wrap for storage. 
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XNSTAi^iiAltlON OF ANTI-FRICTION BEARINGS 



• 



..... .s7.<'^>r,.:-' 




A large lU'mber 'of bearing fal^jarea are 
the direct result' of poor Installation 
practice* Thla- lesson .above the proper 
methods to be used vhen Inatalllng 
antl-f rlction bearings « 
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LEARNING ACTIVITIES 



ACTIVITIES 



PURPOSE 



Read: Information Sheet //I 



Read: John Deere, Fundamentals 
of Service . Bearings 
and Seals ♦ 



En hment from additional sources 
provides depth to student under- 
standing of bearing Installation, 



Re ad : Stockel; Auto Service 
& Repair ^ Goodheart- 
Wllcox Co. Anti-friction 
Bearings • 



Do: Obtain bearing kits 
from instructor. 

Install bearings 

- with a press 

- with a puller 

- with a heat applica- 
tion (if available) 

- With a cold ap|^ 11 ca- 
tion (if available) 



Experience will assist the student 
understanding of the problems in 
installing for proper alignment 
and cleanliness. 



INFORMATION SHEET //I 



BALL AND ROLLER BEARING INSTALLATION 

Proper bearing installation is critical to the 
life expectancy of the bearing. Installation 
calls for care and Intelligent use of tools. 

THE RIGHT BEARING 

Be certain the bearing is the correct bearing 
for the position you are installing. Bearings 
look much alike and it may be easy to replace 
with the wrong bearing. Wlien replacing with a 
new bearing, be certain the nuinber on the old and 
the new are the same. Eliminate guesswork when 
installinR bearings . 
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CLEAN BOKES AND SHAFT JOURNALS 



If the bearing has passed inspection, then the 
bores and shaft journals must pass also. They 
must be free from burrs and grooves. The 
housing bore muse be true and smooth without 
obstructions (dirt, carbon, metil chips, etc) 
In the comers which might have a tendency to 
cock the outer bearing race. If burrs exist:* 
file or sand with fine emory cl»^th to remove. 
If carbon exists, clean out with a sharp tool. 

LUBRICATE 

Oil on the Journal or In the housing bore 
will assist Installation of the bearing. 

USE OF HEAT OR COLD 

Heat makes metal expand. Cold makes meta'i 
contract. It may be necessary to use heat 
to permit a ring to slip on a tight journal. 
CAUTION NEVER HEAT WITH A TORCH. A 
bearing may be heated In cle^ oil to 
approximately 200 degress F. After the 
bearing has reached this temperature. It has 
expanded and the inner %ing can slip or be 
driven into place on the shaft Journal. 

If the bearing is to be ^slipped into a 
housing bore, it (the bearing) may be 
packed in dry ice to make it contract. 

POSITION FOR START 

First, be certain all retainers, seals, snap 
rings, and fittings, that are to be installed 
before the bearings are in place. Next, 
check the bearing for proper installation 
position. 

NOTE ; Bearings will often accept partial 
thrust loads. Be certain that the bearing 
is facing the proper direction to carry its 
load properly. 

Attach puller i/- t up press and force 
bearing into posit, .on. 

Be sure that: 

- bearing Is properly aligned on shaft of housing 

- bearing Is pressed into position until properly 

( That is, the full distance required, but not b 

- I'ress or puller is forcing only the tight racel 



BEARING ADJUSTMENT 

Some bearings require adjusting after 
they have been Installed • This adju^^t- 
ment Is sometimes called "pre-loading 
Adjustments are usually done by tension- 
:^ng the bearing to a specified torque In 
place with a threaded nut on a shaft. 
Often the bearing must be tensloned while 
turning the wheel to secure proper seat- 
ing of the bearings and then^ the press- 
ure Is removed or "backed off" a specified 
amour ^ to provide clearance ^ preventing 
heat build-up. 

The mechanic should know the specifications 
for the macMne being serviced. They are 
available in that unit's service manual. 




INS rALLATION OF NEEDLE BEARINGS 

Usually needle bearings are made without 
one or more races* The technique for 
installation normally requires that the 
needles be coated in grease and then placed 
into position in the housing bore* The 
grease coating will hold the needle in 
place. Be sure all needle bearings are 
present or the looseness will cause the 
bearing to fail when placed in use. 

Once the needles are all in place, the 
Journal may be fitted into the needle 
cluster • 

NOTE ; Often the last needle will have to 
be slid In from its end because the fit 
Is 80 tight, 

SRLF-TEST 



Complete the sentences or circle the most correct answer. 

1» Replacement bearings should be compared to original ^ 
bearlngt 

{\ 

2. Housing bores or shaft Journals must be?, clean and _ 




3, Before installation, both the bearing and the housing shou 
A. Heat causes metal to ( expand , contrac t ) > 

Cold l» used on a bearing when it 1h to he luBtal led 

H hIwiI t , 
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6^ A bearing should not be heated beyond degrees 
?• A bearing should be heated in clean . 



8« The direction It faces is Important in bearings that have partial 
^^^^^.^^^^^^^^^^^^^^^^^^^^^ loads t 

9, Force must be applied only to the race, 

<♦ 

10 ♦ Bearing tension adjustment is sometimes called ' 



11, All bearings are adjusted to the same tension, (T or F) 

12, Needle bearings are held in place during assembly by the ^ 
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POST-TEST Package Number JM=JL- 

INSTALLATION OF ANTI-FRICTION BEARINGS 

1. Obtain bearing, shaft, and/or housing from instructor. Z 
Set up to install the bearing. (D 
Check with Instructor before pressing in place. 

« 

2. Obtain needle bearxng from instructor. 
Install needle bearings. 

Check with instructor before installing the shaft. 
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LEARNING ACTIVITIES 



ACTIVITIES ' PURPOSE 



Read: Information Sheet 


Added enrichment reading will 
add to your understanding of 
the antl--frlction bearings, and 
where and why they are used in 
particular applications. 

• 


Read: John Deere, Fundamentals of 


Service, Bearings and Seals 


Read: Stockel. Auto Service & 
Repair Goodheart-Wlllcox, 
Antl-frlctlon BearlnRs 


Read: Other text on antl-frlctlon 
bearings. 


Do: Uutaxn a sec or sampieB iroin 
the instructor. Identify 
bearing's parts for each 
category of bearing. Dis- 
mantle and reassemble a 
Conrad type, a full type, a 
roller bearing and a needle 
bearing. Be Sure all parts 
are reassembled before in- 
structor tests your capacity. 


PHvflirftI hAndlinff of bearlnftS • 

especially assembly and dis- 
assembly, provides added under- 
standing of bearing structure 
and components. 
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INFORMATION SHEET 



Sonie bearings are called antl*-*f rlctlon 
bearings because^ Instead of a Journal 
slipping on a lubricated bearing surface , 
a roller turns between the two surfaces. 




Generally » there are three basic types 
of anti-friction bearings. They fall 
into the general classification of ball 
bearings, roller bearings and needle 
bearings. 




These bearing support the weight 
of the shaft and attachments in 
addition to the pressure caused 
by torque on the shaft. The 
amounts of pressure ^ the amount 
of maintenance required > and 
other factors determine the 
bearings to be used. 





The material from which the bear- 
ing is made and the amount of 
surface contact are a big factor 
In determining which type of 
anti-friction bearing is used. 
Most anti-friction bearing ele- 
ments and cases are constructed 
of hardened steel but some are 
made of other materials (i.eii 
plas tics) . 




Roller Bei^nng 



Needle bc^icxrin 
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BALL BEARINGS 



TRACK WIDTH 

A ball normally has a line con- 
tact with a flat surface. When 
It rests between the curves of 
the inner and outer race of a 
ball bearing, the track is wider. 
A roller bearing provides a 
slightly wider track and the 
needle bearing the widest of 
them all. 







S>\\\ tracks QollarTrScks 

NUMBER OF ROLLING ELEMENTS 

As the number of units supporting 
the shaft increases, the amount of 
support also increases. 

Ball bearings may be spaced differ-, 
ently, depending upon manufacturer 
or design type, ranging from the 
Conrad-type to the full-type. The 
more balls in the race, the more 
support for the load. As may be 
seen from the illustration, the 
full-type carries the basic load 
on five lower and five upper balls 
where the Conrad- type carries it 
on three and three. 



ROLLING ELEMENT SIZE 

The size of the ball affects the 
load carrying capacity of the bear- 
ing. Within limits, the larger the 
ball, rhe greater the load carrying 
capacity. 



Needle. -tr6vCks 




CorvrA^c^ —Type 




Full Type 
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THE CONRAD-TYPE BALL BEARING 

The balis of the Conrad-type bearing 
are placed in the race in an off- 
center manner. The inner race is 
put into position, the balls are 
then distributed evenly around the 
inner race and the spacer rings 
are snapped into place. Spacer rings 
will hold the balls in place while 
the bearing is in use. 



FULL-TYPE BALL BEARING 

The full-type ball bearing is loaded 
through a slot in both the inner and 
outer race. This type of race per- 
mits more balls to be placed in the 
bearing but the bearing is limited* 
to radial loading* 



BALL BEARING LOADING P7.SIGN 

Ball bearings may be designed for 
radial loads only, combination 
radial and thrust, or thrust only. 

The full-type ball bearing permits 
only radial leading. If thrust 
loading is applied to the bearing, 
the loading slots will damage the 
balls, leading to premature bearing 
failure. 



The Conrad-type of ball bearing is 
useful In both thrust and radial 
applications. The inner and outer 
races of the Conrad design are more 
deeply curved and are without a 
loading slot. 
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^Other types of ball bearings also 
have a confclnation thrust and 
radial loading capability. 

The single row radial -thrust 
bearings will support thrust 
loading in only one direction and, 
therefore, are usually used in 
pairs. Generally, when they are 
installed In pairs, they must face 
opposite directions to provide 
bearing against thrust in both 
directions. 




/r?ner rcice 




,.Jm///i//gmf///imM///i//A. 




The double row ball be .rings will 
support thrust in both directions 
in a single bearing. 



Some ball bearings are designed 
to provide for axial thrust 
support only. 

These bearings are used in 
locations where the only force 
acting against them is a lateral 
thrust force. 






SELF-ALIGNING BALL BEARINGS 

Radial supporting ball bearings 
may be available in a self- 
aligning design* It may be 
self-aligning because of the 
shape of the outer race (ex- 
ternally seif-aligning) which 
permits the entire beafing to 
move* Some designs permit the ball 
to move to the correct position. 




Self ^^iifj^^i^^^^j SpJf (^llrJnlnr] 
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SPIIRRTCAI. KOM.KK!; 

Splu»r I (M I ro I I cr.s (.moijk* 1 1 mow loti 
barrel rollers) are .slmllnr to 
straight rollers except tlielr sides 
are curved • These bearings can 
accept more thrust load than the 
straight bearings but less than the 
tapered. A principal advantage of 
a spherical shape of the roller Is 
Its adaptability to self-aligning. 

NEEDLE BEARINGS 

Needle bearings have the same com- 
ponent requirements as ball and 
roller bearings. However, in many 
instances, the needles function 
with the parts being made up from 
the shape of the unit being 
supported • 

For example, the automotive drive 
(propeller) shaft universal joint 
on most models uses a hardened and 
ground end of the spider as the 
"inner race'' and shaft combrined. 
The outer race is then clamped 
into position. In some instances, 
the hardened and ground surfaces 
being supported become both the 
inner and outer race. 

Needle bearings are long, very small 
diameter, straight rollers. Tliey 
have a very high load-carrying 
capacity. They do not perform at 
high speed as well as roller or 
ball bearinf^s and do not tolerate 
much misalignment. 

ITPES OF NEEDLE BEARINGS 

The bearing elements are very similar 
but the race design differs to permit 
a radial load or a thrust load. 

Needle bearings are not satisfactory in 
use as a combination radial--thrus t 
I oadhiK. 




''oilers 



A Cross -Seci.or, of ii, ilooble 
^rt Mlgning roller- be*^^;^- 




( 




A rad.'dl needle bc&ri 




( 
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The thrust needle bearing illustrated is 
little more than a cage to keep needles 
in position as the smooth, hardened sur- 
faces of the machine come together over 
the needle bearings. 



SELF-TEST 

Complete the sentence or circle the most correct answer. 

I, A ball normally has a very • track, . 

2» A ball bearing has offset leading capabj.lity. 

3, A ball bearing has the most ball elements, 

4, A ball bearing has radial capability only. 

5, A ball bearing is loaded through race slots. 

6, A ball bearing has the deepest race grooves, 

7, A bearing has a curved race surface. 

ft. List four parts of a roller bearing. 

9. List three types of rollers. 

10. A roller withstands radial loads only. 

II, A ^roller withstands both radial and thrust loads. 

12. A roller adapts to self-aligning. 

13. bearings can withstand the most pressure. 

lA. The of a needle bearing is sometimes formed by its 

housing . 
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SliJ-K-TKST ANSWliKS ^ 

1. narrow 

2. Conrad 

3. full 

4. full 

5. ful) 

6 . Conrad 

7. self-aligning 

8. inner race, outer race, 
roller, separators 

9. straight, tapered, 
barrel (splined) 

10. straight 

11. tapered 

12* barrel (spherical) ( 

13, needle 

14. race 
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POST-TEST KEY Package No. 104-E 

INTRODUCTION TO ANTI-FRICTION BEARINGS 

1. needle 

2. roller 

3. pairs 

4. ueedle 

5. Conrad 
h. full 

/ f I tin c\t\ 

8. wide track 

9. separator (cage) 
10. needle 
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POST— TEST Package Number. IQ^-E 

INTRODUCTON TO ANTI-FRICTION BEARINGS 
INSTRUCTIONS: Complete the sentences. 

1. A bearing provides the widest bearing track. 

2. A bearing permits heavy loading and some radial and 

thrust. 

3. Combination radial thrust bearings should be mounted in 

4. A bearing may have some of its parts built into the 

housing or journal. 

5. A ball bearing has the fewest ball elements. 

6. A ' ball bearing of like material and size will carry the 

heaviest load* 

7. A radial ball bearing will take the most axial loads, 

8. The main advantage of a roller bearing over a ball bearing over a b<ill 
bearing is its * 

9. A is designed to keep rolling elements a fixed 

distance from each other. 

10, The bearing is very sensitive to bearing alignment. 
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MACHINE COMPONENTS ~ SEALS AND GASKETS 





Goal: 




Performance Indicators: 




The apprentice will be able 


to describe 


1. 


Describe types of seals and 




oeals and packing types. 






their uses. 








2. 


Describe axial seals. 






/ 


3. 


Describe pre-iormed seals and 








molded packing. 








4. 


Describe static seals. 








5. 


• 

Describe exclusion seals. 








6. 


Describe loU packing. 








7. 


Describe conpressioii packing',. 




• 

O * — — 




8. 


D(;sr r i be r ad ifi*! 1 i p sea 1 s . 
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LEARNING ACTIVITIES 

OBJECTIVE ill 

1. IDENTIFY FIVE DIFFERENT TYPES OF COMMONLY USED SEALS; EXPAIN THEIR 
CONSTRUCTION AND FUNCTIONS. 



ACTIVITIES 



PURPOSE 



Read: Information Sheet ill 


Contains information to learn 
construction .and function of 
seals . 


p^-,^. All^^. .qftrvlce and Repair, 
Stockel 


Ppp^. r/R Handbook of Seals 


Do: Worksheet //I 


Gives you a chance to check your 
information. 



WORKSHEET //I 

1. Name the three basic parts of a seal. 

2. Of what materials are seals commonly constructed? 

3. Describe the five types of oil and grease seals that the teacher gave to 
meet the objective. List lip type and function. 
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INFORMATION SHEET //l 



Oil seals vary \^ their type of lip seal. Shovm are examples of common oil- 
seal lips. 



NON-SPRING LOADED SEALS 

J 



1. I 




SINGLE-LIP, SPRING LOADED 




DUAL-LIP, SINGLE ELEMENT 




DUAL-LIP, DUAL ELEMENT 



a 
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OBJECTIVE n 

2. GIVEN NEEDED MATERIAL, DEMONSTRATE TO THE TEACHER CORRECT OIL SEAL 
REMOVAL AND INSTAI.LATION PROCEDURES. 



ACTIVITIES 



PURPOSE 



Read: Auto Service and Repair; 
Stockel 


Gives basic information con- 
cerning their operation. 


Attend; Demonstration on seal 
removal and installation 


Shows you correct steps to 
follow when working with seals. 

— ■ 1 


Read; Information Sheet //2 



Each student will remove and install' an oil seal in the prepared demonstra- 
tion setup. 



Demonstration approved by 
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INFORMATION SHEET 112 



INSTALLATION RECOMMENDATIONS 

!• Check Dimensions - to be sure that shaft and bore diameters match those 
specified for the seal selected. If not, replace seal with one having 
the proper shaft size and/or outside diameter. 

2. Check Seal - for damage that may have occurred prior to Installation. A 
sealing lip that Is turned back, cut or otherwise ' damaged will leak and 
the seal should be replaced. 

3. Check Bore - to see that entering edge Is deburred. A roudded comer or 
chamfer should be provided wherever possible. 

4. Check Shaft - remove surface nicks, burrs, and grooves and look for 
spiral machine marks that can damage the seal lip. Also not the C/R 
recommendations for shaft hardness and finish. 

5. Check Shaft End - and remove burrs or sharp edges. Where the instal- 
lation requires that the shaft enters the seal against the sealing lip, 
the shaft end should be chamfered. 

6. Check Splines and Keyways - for sharp edges and protect seal lip with an 
assembly .sleeve or shim stock. If not available, round the edges of the 
spline or keyway as much as possible and lubricate with a hard, fibrous 
grease. 

7. Check Seal D^lrection - making sure that the new seal faces in the same 
direction as the original. Generally, the lip faces the lubricant or 
fluid to be sealed. When shaft must enter seal from the direction in 
which the lip points, Types G, A and AM can be Installed using piloting 
tools. 

8. Prelubrlcate the Sealing Element - immediately before installation by 
wiping or dipping in the lubricant to be retained. 

9- Use Correct Installation Tool - Press fitting tools should have an out- 
side diamrter .010" smaller than the bore size. If possible, center of 
tool should be relieved so that pressure is applied only at the CD. of 
the seal. Otherwise, seal distortion may cause leakage. 

Never hammer directly on the surface of the seal. 

U se Proper Driving Force - where possible, an arbor press; otherwise, a 
soft-faced hammer to avoid popping the spring out of the seal. C/R * 
rawhide mallets are ideal for this purpose. 

To prevent seal distortion and leakage, do not exceed the force necessary 

to seat the seal in the horu» 
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11. Bottom Out the Tool or Seal - to avoid cocking of the seal In the bore. 
Tills also positions the seal correctly on the shaft. 



12. Check for Parts Interference - from other machine parts that might rub 
against the seal to cause friction and damaging heat. 



AFTER INSTALLATION 

!• In painting machine be sure to mask seal to avoid getting paint on the 
lip or shaft where lip rides. Also, mask vents so' they will not become 
cloggedc 

2. If paint is to be baked or the mechanism otherwise subjected to heat, 
seals should not be heated to temperature higher than the scaling 
members can tolerate. 

3. In cleaning or testing do not contact seals with fluid which will be 
injurious to them* 

* 

4. In any operation such as testing (for seal or other machine elements) 
previous to actual use of machine, avoid subjecting seals to conditions 
other than those for which the seal was designed. This may cause damage 
which may not show up until much later. 




OBJECTIVE 113 



3. DESCRIBE WHERE GASKETS ARE USED AND THE TYPE OF GASKET NEEDED FOR EACH 
JOB. 



ACTIVITIES PURPOSE 



Read: Auto Service and Repair; 
Stockel 


Describes gaskets and their 
uses . 


Do: Worksheet //2 


Tests your understanding of 
gaskets . 



6 
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WORKSHEET //2 

GASKETS 

1. WViat is the function of a gasket? 

2. What determines the material for gasket construction' 

3. Name various materials used in gasket construction. 

4. Why shoikld you not re-use a gasket? 

5. List 5 steps to follow when installing a new gasket. 



r 



OBJECTIVE H 

4. LIST ON THE SEALANT WORKSHEET, -THE VARIOUS USES OF GASKET SEALERS AS 
APPLIED TO THE AUTOMOBLE. 



ACTIVITIES 



PURPOSE 



Read: Auto Service ^ind Repair, 
S tockel 


Sealants are explained in this 
text. 


Do: Worksheet //3 


Checks your knowlddge of sealants 
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WORKSHEET //3 

Write in the sealant needed to best do described job. 

Job for Sealant Sealant Needed 

1. Glass to glass 

2. Rubber to rubber 

3. Paper gaskets, general repair ^ 

A, Close fitting 

5, Threaded flanges and fittings 

6, Air conditioner hoses 

7, Permanent ass^bly jobs ^ 

8, Semi-permanent assembly • 

9, Can be used over oil and grease 

film 

10, Repair gaiikets 

SELF TEST 
GASKETS AND SEALS 

1, Define each of the following terms by stating what it does in the auto: 

a. gasket - 

b. seal - 

c. sealant - 

2, Of what are the following most commonly constructed? 

a» gasket 
b. seal 

3, The following statements are true or false. Answer them to the best of 
your knowledge, 

_____ 1. Ifhen applying sealer, use a liberal amount, 
2. All oil seals are 



H 



3. Careful re-use of gaskets is a good economical procedure* 

4. Oil-seal lip should face the liquid to be contained. 

J^^ Leather sealers are used more often than synthetic rubber. 

6* Sealant should always be used. 

7, Creasing has little effect on the usability of a gasket. 



8. A shrunken gasket can often be brought back to size. 

9» Seals may be properly removed by prying. 

_10, Never strike the inner portion of a new seal. 

_11. Do not re-use seals. 

Most sealants have similar properties. 

13 • Oil seals are found throughout the mechanical parts of the car. 

A seal that drives in easily will leak* 

15 • Lubricate 'seal and shaft before installing. 

_16. Once a part has been torqued, the pressure will always remain 
constant ► 
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SELF-TEST ANSWER 



1. a. gasket - provides 

b. seal - contains liquids 

c. sealant ~ seals gaskets tight to uneven hard surfaces 

2. a. gaskets - paper, cork, rubber, asbestos, steel, copper 
b, seals - leather, synthetic rubber, felt 

3. 



1. 


F 


2. 


F 


3. 


F 


4. 


T 


5. 


F 


6. 


F 


7. 


F 


8. 


T 


9, 


T 


10, 


T 


11. 


T 


12. 


F 


13. 


T 


U. 


T 


15. 


T 


16. 


F 
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POST^TEST KEY 



Package No. 107-A 



GASKETS AND SEALS 

1. a. gasket - provides leak proof joints 

b, seal - contains liquids 

c. sealant - seals gaskets tight to uneven hard surfaces 

2. a. gaskets - paper, cork, rubber, asbestos, steel, copper 
b. seals - leather, synthetic rubber, felt 

3. 1. F 

2. F 

3. F 

4. T 

5. F 

6. F 

7. F 
8- T 
9. T 

. 10. T 

11. T 

12. F 

13. T 

14. T 

15. T 

16. F 
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POST-'-TEST Package Number ^^'^"^ 

GASKETS AND SEALS 

1. Define each of the following terms by stating what, is doer^i in the auto. Z 

3 

a. gasket ^ 

b. seal 

c. sealant 

?. Of what are the following most commonly constructed? 

a. gasket 

b. seal 

3. The following statements are true or false. Answer them to the best of 
vour knowledge. 



1. Wlien applying sealer, use a .liberal amount. 

2. All oil seals are of one piece construction. 

3. Caretul re-use of gaskets is a good economical procedure. 

4. Oil-sea] lip should face the liquid to be contained. 

5. Leather sealers are used used often than synthetic rubber. 

6. Sealant should always be used. 

_7. Creasing has little effect on the usabilitv of a gasket. 

__8. A shrunken gasket can often be brought back to size- 

9. Seals may be properly removed bv prving. 

10. .^Gver strike the inner portion of a new seal, 

11. Do not re-use seals. 

12. Most sealants have similar propertie s 

13. Oil seal^1 are found throughout the mechanical parts of the car. 
1^. A seal thai drives In easilv will leak, 

]3, ^ubl;icate seal and shaft br^fore Installiur. 

]h. '^nr^' a part ha^' h^pn tornucil, the [)rt\M.^airf' ■.Mil alwav remain 
ron-i tan f . 
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LEARNING ACTIVITIES 



ACTIVITIES 



PUllPOSE 



READ: Information Sheet 


This added material will expand 
the knowledge of the student 
beyond the information sheet of 

this learning package, 

< • 




READ: John Deere, Fundamentals of 
Service - Bearlnj^a and 
Seals 


DO; Given a leaking pump^ dis*- 
asBemble and find the parts 
with the flaw. Identify the 
part and sketch the flaw. 
Replace with correct compo- 
nents and demonstrate that 
the seal holds. 


» i 

Practical experience will 

permit the student 'to demonstrate 

his grasp of this subject area. 

t" * 
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AXIAL. SEALS 

Axial seals are used in applications 
of greater pressure where the radial 
seals are -not adequate to seal the 
fluid. 

Areas such as pressure pumps which 
are used in water supply ^ gasoline 
stations, hydraulic components, 
automotive water pumps, and etc. 
are examples. 

The axial seal does not use the 
lip principle which was used in the 
radial seal. The axial seal con- 
tains a seal ring and a mating ring. 
These rings are both made of a hard material, or one is hard and th' other is 
soft. If they both are hard, they are usually made of wrought, cast or 
sintered metals and are lapped (ground) to a precision finish. If one is 
soft, it is made of leather, plastic or some other elastic material. 

The mating ring is mounted on the shaft and the seal ring is mounted on the 
housing. One, or both, are sprtn^^,- loaded to apply pressure toward the 
opposite ring. In this way, axial contact pressure is applied against both 
rings to prevent tlie fluid from leaking at the rings* This type of seal 
requires cooling and the fluid under pressure be^ng moved through the seal 
area will normally cool it, 

CAUTION: Do not run an axiaily sealed unit without fluid In the system as 
the friction may generate enough heat to ruin the nea* 
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AXIAL SliAL FAILURES 

m 

- Contamination 

Ruet| scale or other contaralnantB In the pump or reservoir will cause 
damage to the seal. If possible^ some kind of inhibitor should be used* 
Where this is not possible^ filters should be employed to keep contamination 
down. 

Heat 

If the seal is required to run at temperatures greater than those to which 
it was designed p it may fail, 

REPLACEMENT OF SEAJ.S . ' 

♦ 

■V. 

1, Disassemble the sealed device and clean all parts, ' . 

2, Remove rust and burrs by wet polishing with fine emory .cloth (AOO to 
600 grit) 

3, ' Replace shaft if it is pitted or damaged, n 

4, Apply appropriate grease or soak seals in the proper oil, 

5, Reassemble, assuring that sealing surfaces are clean, mating properly 
and under the correct spring tension, 

6, Turn. by hand to be certain the seaKturns freely before attempting to ' 
run under power, 

CAUTION: Never run under power without the fluid (to be pumped) in the 
• system^ Heat, caused by this type of running, would ruin the 
new seals. 



SELF - TEST 

Complete the sentence or circle the most correct answer, 

\ 

1. Axial seals are used where greater v/ork on the seals. 



2, The seal ring and mating ring are 
against each other. 



3. The mating surtaces of the 2 rings are extremely 

^. One ring is usually than another* 



5. If both are the same, they are ground to 



6. Usually, the mating ring Is mounted on the 



7, The fluid moving through the pump acts as a 

8. Axial seal failures are generally caused by 



9. A pitted shaft should usually be 



10, A rebuilt pump should be 
freely. 



or 



to be certain it turns 
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POST-TEST KEY 



Package No. 107-B 




AXIAI. SEALS 

1* mating seal 

2. flatness ^ 

3. elastic 

4. spring loaded 

5. cooling, lubricating 

6. rust, scale, etc. 

7. rust or scale, corrosion 

8. cleaned 



9* emory, crocus 

10. greases 

11. clean, mated, tension 

12. hand cycle 




ERIC 



POST-TEST Package Number 



Complete the sentence or circle the most correct ansvjer. 

!• Axial seals are made of a ring and a _^ ring. 

2. If both seals are hard, they are mad^ of wrought or ca;6it or sintered 
'^metals and are ground to precision j • 

3* If one is soft, it is made of leather, pla2;tl.c or t^ome 

material. 

4. The sealing rings are to insure a tight contact. 

5. The fluid being pumped is used as a .. agent. 

6. Filters or inhibitors are used to remove ; . 

7. may cause the seals to fail. 

8. After disassembly of a v^ealed area^ all parts should be . 

9. Rust and scale 'may be reinoved by use of cloth. 

10. Radial seals should be when assembled. 

11. While reassembling, care should "be taken that seal surfaces are 

under correct • 

12. The last step before applying power should be to • 
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LEARNING ACTIVITIES 



ACTIVITIES 


PURPOSE 


Read: Information Sheet 




Read: John Deere, Fundamentals of 
Service-Bearings and Seals 


Added reading material broadens 
the student's background in this 
field 


Do: Secure from your instructor 
a unit whose seals are to be 
changed, then: 




— insn^cf ^o f^p^pT^T!l^lnP ^hA 
cause of seal failure 


1 


-repair or replace defective, 
parts 

-replace the seal, using 
proper techniques and tools 


Practical ^experience in changinp 
the seals' will help the student 
to be a better operator of 
equipment and will begin to train 
him for proper servicing tech- 


Do: Do the same, to other units 
unti^ you have replaced: 


niques. 

/ 1 


-an 0-ring 


■ 1 

! 


-a V-ring set or U-ring set 




-a cap seal 


! 

.i ... . w -- . — ■ 
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MOLDED PA CKINGS 

Molded packings and pre-formed seals fit into three categories: 

- Lip types 

Lip packings included flange, cup, U-cup, U-ring, and V~ring packings 

- Squeeze tvjies 

0-rings, compression packings, felt packings, and related types fal] 
Into this category 

-Buahlin^s and Ring seals. 
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LIP PACKINGS 



Lip packings normally are used In 
reciprocating applications. A lip 
type packing Is sealed by the forces 
of the pressure being sealed. The 
gland should not be tightened to 
provide high pressure on the seal 
as this conforms them to the com- 
pression seal category. Molded 
seals function without excessive 
gland pressure by their own expan- 
sion and contraction character- 
istics. This is called breathing- 
If too loose, however, they may 
create a pumping action and lose 
fluid In this manner. Glands 
normally do not have to be adjust-; 
ed during use. 
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Usually, support rings are necessary to provide proper shape. 

These seals are used on highly polished shaft surfaces, straight an^ round* 
If these shafts are exposed to the atmosphere, they are usually chrome-plated. 

V-rings are usually installed in sets. 
The number of rings in the set depends 
upon the material they are made of 
and pressure against the seals. Gen- 
erally, V-rings are not spring-loaded. 



Cup packings are widely used for 
hydraulic and pneumatic service at 
both high and low presBiares. 



Cups have a sxngle lip and are 
classified as unbalanced seals be- 
cause of this single lip. 

SQUEEZE PACKINGS 




The most common form of squeeze packing is the 0-ring. 0- rings are usually 
fitted into machined grooves in the housing to provide a fluiL^ stop. Felt 
packings and other squeeze or compression packings are covered in VIP 
Industrial Mechanics Learning Package 107-E, **Exclusion Seal Introduction and 
Felt and Compression Packings**. 




Often, dynamic applications require 
a very small amount of movement. 0- 
rings may be used where they are re- 
quired to roll, if sufficient room is 
allowed for them to do so without 
distortions. Three applications of 
0-rings fit into the above: 

-Reciprocating shaft will slide 
inside an O-ring. 

-Oscillating, where the seal rotates 
through a limited cjcle. 

-Rotating shaft at low speed may turn 
inside the seal. \ 

Static applications are explained in VIP Industrial Mechanics Learning Package 
107-D, '^Static Seals". 

0-RING INSTAllATION 

0-rings are easily damaged^and during installation the following procedures 
should be used: 

1. Be certain '0-ring is compatible with the fluid in the reservoir. 

2. Clean entire area that 0-rlng will contact. 

3. Inspect 0-rlng area and remove burrs or rough edges with file, then smooth 
with fine emory cloth (400 to' 600 grit). 

4. Inspect shaft and remove burrs or rough area as above (both 3 and A require 
a re-cleaning of area to remove metal particles). 

5. Lubricate 0-rlng, groove, and shaft with same fluid as in system. (Always 
use equipment manufacturer recommended fluid, 0-riug size and 0-ring 
quality) . 

fi. Protf?ct from cutting, stretching, and twlsbing during 0-ring installation. 
7. All^n parts to prevent 0-rlng damage as parts are assembled. 
8.. Hand-cycle installation. 

0 

9. TightfMi evenly. Hon* t overtighten, seal may crush or otherwise be 
destroyed. 





bUSHING AND SEAl. RINGS 

Bushing seals are close fitting, metal, stationary sleeves in which a shaft 
rotates. These are usually somewhat softer than the shaft metal so any wear 
that occurs, occurs in the bushing, not on the shaft. 

Leakage of fluids is controlled by the close fit between the bushing and the 
shaft. More on bushings in VIP Industrial Mechanics Learning Package 104-A, 
Types of Plain Bearings'', 104~B "Materials in Plain Bearings" and 104-6 
"Distribution of Lubrication to Bearings". 

RING SEALS 

Ring seals are divided into split rings for reciprocating parts and circum- 
ferential seals for rotary devices. Usually, they are designed for high 
temperature, high pressure applications and are made of metal. 

A prime example of split rings is the piston ring. These are^used in pumps, 
compressors and internal combustion engines. 

Cicumf erential are liigh performance, low leakage contact type seals. They are 
used in rotary pumps where high head pressure exists. These seals are smaller 
than face seals and are light weight. 

NO'IE: Information on piston rings is available in quality texts, manufacturer' 
service manuals and from ring seal suppliers. Therefore, with so many 
sources availabtfe, they will not be covered in depth in this lesson. 

SELF-TEST 

Complete sentGnce or circle the most correct answer. 

1. List the 3 categories of molded and pre-formed seals. 

2. typv i^.-^ckings are usually used in reciprocal applications 

3. If Rxcessive pressure is applied to the gland, the V-ring acts as a 

type packing. 

4. The contraction and expansion action of a seal is called • 

5. In lip sea] applications, glands normally do not have to be 

(JurinK^ scirvice . 

fi. Lip seals require shafts that are highly . • 

7. 5 V-rinK"- make the. standard set size. T. F. 
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ANSWliRS TO SELF-TEST 

1. lip type, squeeze type> bushing and ring seals 

2. Up 

3. compression 

4. breathing 

5. tightened 

6. polished 

7. K 

8. are not 

9. unbalanced 

10. T 

11. fluid 

12. T 
1 3. T 

U. fluid 

15. clean 

16. burrs or roughness . 

17. lubricate 

18. twist, stretch, cut 

19. align 

20. split circumferential 
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POST-TEST KEY Package No. 107- 

( W PRE-FORMED OR MOLDED PACKINGS 

1. should not ^ 

2. lip seal 

3. 0-ring ► 

4. V-ring 

5. material and pressure 

6. F 

7. hand-cycled 

8. F 

9. F . ' » 

10. cleaned 

11. F 

12. split ring 

13. T 

14. high 

15. straight and round •■ 
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POST—TEST Package Number JA^:. 

PKK~KORMKD OR MOLDKl) PA(:KIN(;S 

INSTRUCTIONS: Complete the sentence or circle the most correct: answer. 

1. The gland (should^ should not) be tightened to high pressure on seal 

2. The pressure of the fluid being sealed hclpvS seal a ^ ^ 

3. ^ /\n ; may seal as it rolls. 

A. are usually installed in sets. 

5. Set size depends upon [ and . 

V-rings are usually spring-loadea. T F 

After seals are installed, the device should be 



8. 0-rlngs are not sensitive to installation damage. T Ir 

9. A person may use other fluids for lubricating O-rings than that of the 
sv'stem. T F 

10. After removing burrs from shaft, the parts must be 

11. 0~rings are not designed to roll. T F 

12,, A i)lston ring is classified as a . 



13. A bushing , ^ normally considered a bearing is also a seal und^r certain 
' cl rciimstances . T F 

14. Circumferential metal seals are used in pumps that have a 
pro^;sure head. 

1';, V--ring seals are usually used on shafts that are highly polished 

and 
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LEARNING ACTIVITSES 



ACTIVITIES' 



PURPOSE 



Read: Information Sheet 



Read: John Deere, F undamentals of 
Service - Bearings and 

Seals 



Do: Replace a valve cover or 
other gasket as follows: 

-remove cover and ol4 gasket 
-clean all oil and old gasket 

material from head 
-coat gasket and cover vith • 

proper sealant (coat one 

side of gasket only) 
-Install gasket and cover 
-torque to proper tension 

(NOT TOO MUCH) 



Do: Replace an engine head 'gasket 

-remove old gasket 
-•inspect area for damaged 
parts 

-clean carbon from the head 

and cylinder block 
-be certain both head and 

block surfaces are true and 

flat 

-re- tap head bolt holds 
-re-tap head bolts (oil them) 
-torque bolts in proper 
sequence to proper tension. 



Added reading material will broaden 
the student's background knowledge 
in the field 



Practical experience in 
changing gaskets will expose 
the student to requirements 
of (tleanliness , handl ng and 
tensions Involved, 



INFORMATION SHEET 



STATIC SKALS 



Static seals is anoth(^r namo for p;askets and fluid sealants 



(;ASKKTS 
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A ^viskfit in any dpvicf fhat provides n barrier ap,nlnst transfer of tluid.s 
nrro54j^ the matlnv .surfaces of a mechanical assemblv when those snrface<i do 
not move relative to oa^h other. 

? 




CnnkotM mav be m/ido of metnl or other materl/ilH. All ^a.^kot materjaln nmst 
be Hofter than the aHBembly belriR sealed. Often cork, rubber, composit Ion, 
plant Ic, and other materials are used. The requirement for softness pomits 
the gasket to take on the shape of the surface being sealed. Metal saskets 
are often used where high heat and preesure 
could break material of less strength. A 
prime example of this is the head gasket in 
any internal combusion engine. 

Gaskets must alv;ays be plr.ced on a clean, 
dry, smooth surface. Alv^ays exercise great 
cara in installation of gaskets so they do 
not get torn, bent, or damaged before or 
during installation. A damaged gasket will 
fail at the point of damage and cause the 
repair job to be repeated much earlier than 
otherwise required. 

Bolt holes which have b^en previously used 
may have particles of carbon or other 
material in them. For this reason, they 
should be re~tapped and oiled to reduce 
friction while they are being torqued. 

Be certain that the mating surfaces arr 
clean, flat^ and not warped In any direct-- 
ion. 

Put all bolts Into place and hand tighten. 
Bolts should turn freely if they are to 
be accurately torqued. 

When tightening bolts that hold a le^rge 
assembly to ether over a gasket, care must 
be exercised to tighten bolts in a proper 
sequence and^ to a proper tension (use 
torque wrench). Ir. some gaskets, such as 
cylinder head s^skets, that sequence 
should be repeated several times until 
consdstenl' readings are kept. 




After the device has been used for a short 

•period of time to permit a heating and 

cooling sequence, all bolts and other 

J ink ages must again be re -torqued to their 

proper, tensions and clearances. The 

gasket has taken on the shape of the 

si.r roundi.np. mcite rials and has compressed. 

For this mason, all settings have changed. 

'Hf!uen( i» o\ t lightening is important to 

Wn*)^ tlio tvnsket for "kinking" hv tiv,ht- 

'nin>i the outer edges first* 
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SEALANTS 

Sealants include liquids', pastes, and 
tapes that are used for sealing* These 
have the same use as gaskets but arc 
not cut to shape« 

Sealants in liquid form can be the type 
that hardens. These may harden as a 
rigid material that cracks if bent or 
as a flexible g^isket that will change 
shape as required* Some such as 
epoxies, also act as a glue or Join- 
ing material. 

Other liquid sealants are the non- 
hardening types. These materials will 
always remain in a soft "mastic type'* 
condition. These sealants are used 
in caulking, window placement, bathtub 
sealing, etc. 



Tapes are used in many applications 
to form a seal between surfaces. 






Joints should be carefully prepared. 
This requires a clean and dry surface 
and secured parts. Some joints use a 
soft sealant to expansion of metals, 

CAUTION: Don't get sealant into the 
flow area or it may damage moving 
parts or clog passageways. For example, 
if a sealer is used on a heater hose 
seal around the metal, do not push 
sealer applicator into the hose, 
ExcesK sealer in the hose may come off 
and plug radiator openings. 



/ 
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SeUF-TEST 

Complete the sentences, 

1, Static seals Include , ^^^^^^^^^^^^^^^^^^^^^^^^^^ and 

2, Statifv seals are used where mated surfaces 



3, The sealing material must be ^ than surrounding material, 

4, List' A ma^terials of which gaskets are made. 



3, The gasket i;just conform to the of the material being sealed, 

6, Metal gaskets are used where and • are intense, 

« 

7, Gaskets must not be _ or , 

8, The surface where the gasket is to be placed must be ^ 

and 



9, All ^^^^^^^^^^^^^^ mUst be cleaned and oiled for smooth tensioning, 
10. Large machines should be tensioniid with a 



11, Sequence of tensioning is frc*i the _____ to the 



r 



12, Sealants come in 2 forma, those that and those that 
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POST-TEST KEY 
i 



Package No. 107-D 



STATIC SEALS 

1. clean, smooth, dry 

2. 'T 

3>' expansion, contraction 

A. transfer of fluid 

'j . shape 

b. bent, torn 

7. metal 

8. T 

9. tension 
10. re-tapped 



( 
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POST— TEST Package Number-KlZiL 



STATIC SEALS 



INSTRUCTIONS: Complete the sentence or circle the most correct answer. Z 

0) 

3 

1. Surfaces or joints being prepared for a static seal should be , 

. & . 

2. Tapes may be used to seal some areas. T F 

3. Some sealants never harden. They are used where & 

take place* 

4. A gasket is any device that provides a barrier against the 

across the mating surfaces of a mechanical assembly. 

5. Gaskets must conform to the ^_ of the mated materials. 

6. Gaskets are damaged beyond repair if . 

7. gaskets are used where heat and pressure are f^reat. 

8. Gaskets and sealants may be used at the same time and place. . T F 

9. Proper on the bolts is a requirement if the gasket is to 

last. 

10. Bolt holes should be to remove dirt, carbon, and other 

materials. 



O 
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107-E ^X(fL^sji6U:SiAL INTRODUCTION 

AND. F^B LT' A N D^j 0 M P R E S S I O N PACKINGS 



ID 
IT) 

Exclusion seals keep foreign mat:r¥rlal 
(dirt, duat-r -fluids) cut of a lubrica- 
ting area. Tvo common types of exclusion 
seals are felt 'packings and compression 
packings. This learning package pro- 
vides material to permit the student to 
vork with these packings. 




btSI COPY AVAILABLE 




course^ you will be able to: 

1. Describe the purpose of exclusion 
seals. 



2. List 5 types of exclusion seals* 



3. List 5 advantages of felt packLags* 

Install felt and compression packings. 



5, Maintain compression packingn. 
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ACTivn,HsLEARNING ACTIVITIES,,,,,,, 



Rctid: Intomiation Stu-el 



Read: John DetTt-, Fundam en tals 
^if -^^t'vlce , Bearir i RS and 
Seals. 



(iivcni a working mtidel by the 
instructor, do the following: 

lloplaco a folt [tacking, using 
bulk inaleri a] 

\\vp](U c a ^*ornp ress i on packin)/, 
viLid^Lensj-ttn p rope rly . 



Added text readin).^ widen:; t!ie 
appreciation of tlie nroh leins 
an d their solution b wh e n wo r k - 
ing with this type of seal. 



Practice gained in this manner 
enables student tf) function in 
a working envi ronn^en t. 



INFORMATION SHEET 



i:::chusu)N si:als 



Fnclusi on seals use the sliglit film of 
I luid that passes the sealitig edges as 
the sealing agent. 



An exclusion seal must stop all the material 
at the sealing edjie because the material 
being excluded is abrasive and does not 
1 ubr i caLe . 

I. in (it\si'/.n is used in both inclusion and 
t ■■•elusion seal de.^:i>;n. In exclusion seals, 
il t\]C lips are made of leather or an 
t'lastir tv[)c of material, the seal is 
jHTiorallv called a wipet* (wlien used on a 
reci p?-(nMt Lnr. shaft). The lip must be 
sturtiv and remain i\\ contact with the 
s'nalt. 

Il(?.iv^ duLv seal.-, on re c L p rnf\: t i ng shafts 
r.iMMcM'i c^s :rH* :*)etal li[>s. "''l\is type of 
'ca! is knou'M as a ::icraper. I'sually, be- 



ft;.' ^^-rjfKM has les^ M'-xibility, 
toll Ov.eti .) V 



w i per '.w) the shal t . 



'MM^t iocs not juM*-' i I irictioUiii . cniract 



•u' t wciMi { he spal t aiu 



1 I ! t 



>ca ] . 

• • M W MS 
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'per- 
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INKOKMAl ION S1[KI':T 



MAINTKNANCK OK KXCIAIIUON Sl^lALS 



M) BR I CATION 

Lubrication I'lxi L he <u xi' 1 usi ou 8t?al i:. oftLMi very i.j^osu-. Koc in repeat inj^ 
shatts will have a slij^ht Itlm o\ oil t rcMv iho inclusion seal. 

In a rotary app 1 i ca * i (^n , sofiip soepai'^' t ron: tlio internal soai is ro(|uired 
to lubricate th(^ exrlusion seal, 

SI!'\M CONDLTlUiM 

A proper seal finish on the shaft will permit oil to seep throu^^Ji ttie in- 
clusion seal to lubricate the excUision sctil . Too sniooth a tinisli will 
stop the oil at the internal seal. Obviously, a rourli stiaft surface finish 
will cause the ox(^IusLon seal to fail because of abrasive action. 



fKMIM';RATlfRK 

Usually, temperature is well wittiin seal limits, unless sonu^ t hi u has caused 

an unexpectedly lii);li temperature. Dama^'.e tc^ seals be ause ot overheating 
is unusual . 



hIP CONDITION 

If lips start to separate from ttie 
shaft, foreign matter can get into 
the seal area to scratch the shaft 
and further damage the seal . 
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FKI.i RAO L Ah PACKINCS 

Radial packings ol fell that are 
soaked in lubricant that has a great- 
er ^iscosity than that of the re- 
servoir are often used as dust seals 
in farm equipment. They will not 
fiold oil |)ressure but (^Iten will be 
used to seal dust out ol an area where 
an oil bath gear svstem is used. 

Fell packings have several advantaK,es: 

1. Assure oi liur. will be present altei 
1 ong i d 1 e peri ods . 

. t>t the wink \'i)lum(» stores oil. 




\. I-A'0!i wlinn ilrv, I c I t polislu's. 

'. , 'ell seal:; .it'r rt'S r t . llu'v .lo no I wr.ii 't'" :MiiiM ■■<;{'. 
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5. Felt filters out dust. 



NEW INSTALLATION OF FELT PACKINGS 

Packings usually are purchased as precision cut felt washers that are sold 
pre-saturated with lubricant. 

Packings may be made from strips of felt by measuring the old strip, cutting 
to the same size, then, after placing the strips in the holders, filling 
them with oil until the felt is saturated. 

COMPRESSION PACKINGS 



Compression packings create a seal 
when squeezed between the throat of 
a stuffing box and its gland. 

Under pressure, these materials will 
expand against the sidewalls of the 
box and then against the shaft to 
form a seal. The gland must be 
tightened regularly to compensate 
for wear on the packing material. 

Packings usually consist of a square 
or rectangihlar cross section of fab- 
ric, metallic, or plastic material. 




INSTALLATION 

^Installation practice recommends lubrication prior to installation and 
care not to twist the packing during installation. Tighten gland 
loosely to permit further tightening during use. 

installation of new packings is recommended anytime a packing is disturbed 
by repair. 

MAINTENANCE 

Packings must have lubrication to properly seal.:i If they are tightened 
too tight, the packing will run dry and create frictional heat. 

In hi^h pressure or temperature application, external lubrication or 
cooling', may be necessary. 



SELF-TEST 

Complete the sentence or circle the most correct answer, 
1, Inclusion seals actually seal with a film of 



2. Exclusion seals are designed to keep all material out, T F, 

3. Exclusion seals usually are working in an material 

that does not lubricate. 

4. Exclusion seals on a reciprocating shaft are usually of a 

design. 



3. An all metal seal is called a 



6. A leather or plastic se^'l is usually known as a 



7. A seal that does not provide frictional contact with a reciprocating 
shaft is a . 

8. Lubrication on an exclusion seal is usually ( heavy, light ), 

9- A finish on a shaft permits oil to seep out to lubricate 

an exclusion seal, 

*. 

10. Wlien lips separate from the shaft, the seal should be . 

11. Felt packings may be purchased ^ or in bulk, 

12. Felt packings are usually lubricated in viscosity oil than 

that of the reservoir. 

13. Foil packings are generally used to seal out . 



of the volume of a felt packing stores oil, 

1"). The gland ot a compression packing must be regularly. 

16. Packliu;s should be before installing. 

17. Proper installation requires tension on the gland. 

IH. In high pressure or temperature application, lubrication 

or rcolin)! nuw be necessary. 

I'i. New comprcbsion packings should be installed whenever the uld are 
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SELF-TEST KEY 



Package No. 107-E 



1. oil 

2. T 

3. abrasive 
4 . lip 

5. scraper 

6 • wiper 

7. boot 

8. light 

9. medium 

10. replaced 

11. pre-cut 

12. heavier 

13. d us t 

14. 3/4 

15. tightened 

16. lubricated 

1 7 . loose 

18. external 

19. disturbed 
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POST TEST KEY 



Package No. 107-E 



1. - scraper 

2. - light 

3. - pre-cut 

4. - lubricated 

5. - loose 
(>. - oil 
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POST-TEST „ Package Numberl22ii. 

Complete the sentences. 



1. An all metal seal is called a __• 

2. Lubrication on an exclusion seal Js usually (heavy, light). 

3. Felt packings may be purchased . in bulk. 

h. Packings should be , before Installing. 

5. Proper installation requires tension on the gland, 

6. Inclusions seals actually seal with a film of __ .• 
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LEARNING ACTIVITIES 



ACTIVITIES 



PURPOSE 



1 

Read: Information Sheet 

t— — 




1 Crouse': Automotive Mechanics, 
1 McGraw Hill Book Company 

1 


Added material expands the 
knowledge. p7 sented in the 
information sheets of this 


1 ^ 

Stockel: Auto Service & Repair - 
Goodheart-Willcox Co. , 
Inc. 


learning package. 


j Do: Obtain shafts from instructor 

} and inspect for reasons 

' causing seal failure. Sketch 

the shaft on paper showing. 
\ the flaws found on the snart 

and report all flaws to your 
1 instructor. 


Practical experience will add 

hHo knrtwlpdpp nrovided bv 
paper work. 


i Do: Install seal on shaft provid- 
ed for this purpose. Install 
shaft and test for leaks. 





DEFINITION OF TERMS 
SEAL 

A device that limits the flow of a liquid or gas 
to a given area. This learning unit on seals 
will discuss oil seals, dust seals, packings, etc 
DYNAMIC SEAL 

Allows motion on one of the parts being 
sealed. For examp? ^, an oil seal on an 
automotive axle. 



STATIC SEAL 

A seal used tu secure an enclosed area. An 
example is a gasket or a sealant. 

INCLUSION SEAL 



A seal that keeps :\ lluld In.-ilde i^ chamber. A ctrank- 
sfi/ift seal on a four-rvclr t»n^»ine .m example of an 
Inclusion seal. Anothrr example would be an 0-rinj<!^ on 
a wat(»r laucL't shatt. 





I 




A perfect' inclusion seal would keep all Of the fluid from leaking out of the 
system. This is not always necessary or desirable. Inclusion seals usually 
use a film of the fluid to do the actual sealing. Some are designed to per- , 
mit an amount of fluid to leak through to "lub'ricate equipment on the other 
side of the seal. 

Even though seals look simple, they are really complex^ precision parts and 
must be handled with care to prevent damage to the seal, A damaged seal will 
not perform its intended purpose properly. 



RADIAL LIP SEALS 



These are also called oil seals or shaft seals and 
are probably the most common type of dynamic seal 
in use,' They fit into small spaces, are low in 
cost, easy to install and generally can accomodate 
wider tolerances of temperature, pressures^ align- 
ment, ets,, than, other types of seals* 

These seals are molded to shape and must often 
have a metal case, "Most are spring-loaded to add 
rigidity and longer life to the seal. 

The basic material for contruction is rubber, 
plastic, synthetic compositions or leather. The 
choice of material to be used depends upon cost, 
quality, and the workijig requirements for the 
seal . ♦ 

A turning shaft must have lubrication on its 
bearings, Normally, that lubricant must stay 
within the bearing area. Many types of seals 
have been designed to handle different oil, 
grease viscosity, heat requirements and shaft 
speeds. Some (such as the double lip) are de- 
signed to do two functions at once. These 
functions might be to contain one fluid witliin 
chamber and to keep another fluid out of the 
chamber, j:::>o> 




f\-A 



STnc^le Lip 




Single L'lp 
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In order to keep the oil In a chamber^ the seal has been designed ro ride, ou 

the rotating or reciprocating shaft with the lip pointing toward the oil' 

reservoir. In this position, the mechanical pressure of the seal can r.onr.rol 
the sealing of the fluid. 



The sealing capability of a seal is a consideration of 

- shaft finish 

- revolutions per minute (RPM) " 




- atmospheria conditions 

— dust 
moisture 

— chemicals 

- pressure of fluid against the seal 

- seal design 

— designed to leak 

— designed to leak completely 

A seal is effective on a given shaft depending upoti 
the area of contact of the seal to the shaft, the 
pressure exepted by the seal against the shaft, and 
the material from which the shaft is madel 

There are various cross section shapes to lip seals 
depending upon the function of the seal and its 
manufacturer. 

Actually, the film of oil between the seal and the shaft does the. sealing. 
If it becomes too thick, the seal leaks. If it becomes too thin, the lip of 
the seal wears and friction and heat resuTt, causing the seal to deteriorate 
rapidly . 

LIP SEAL FAILURES 

Since, under ideal cirpumstances, the seal does not contact the shaft, a 
seal should nfeAte*!^ wear out. Seal failures become evident when a leak occurs. 

Most failures are caused by other factors. 

~ Installation damage over sharp splines, keys or threads may damage seals. 
When seals are not properly seated, they may not ride in the prepared 
place on the shaft and may allow dirt, etc. into the sealing area. 

- Rust or scale on the shatt will rub on the 
seal, causing it to fall. 
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Kxres^^ive fieat from Home outside Kource will 
( aiise the oil film to tliln and cause tlje seal 
to fall. Ciieck anythlhg tliat mij^Kt' cause 
unusual heat near tlie seal* 

Impiroper fluid in tlie sealed area may cause 
damage. Some chemical additives to 6ils 
deteriorate the rubber or composition from 
which the seal is made, causing it to swell 
out of shape. Be certain to use equipment 
manufacturer recommended seals and lubri- 
cants, 

A bent shaft or cocked seal causes the seal 
to have an unnatural fit and therefore, it 
can no longer seal in the lubricant. 

ft 

Grooves or sharp edges on the shaft will 
tear the seal if contact is allowed* 



PROPER LIP SKAL INSTALLATION TECHNIQUES 

Always replace any seals that have been disturbed during repair. Never 
re-install an old seal, 

1, USE ONLY MANUFACTURER R£CO^^^ 

2, USE OKIY MANUFACTURER RECOI^NDED FLU IDS 

3, Keep seals and fluids free from dirt. 





A, inspect shaft and bore area for damage. 
If damage is found, file away larger 
burrs or nicks and polish with fine 
emory cloth (AOO to bUO grit), 

CAUTION: Do not file shaft out-of-round. 

i\UTE ; Shaft areas that move under a seal 
shovild have a smocKh finish, / 



'The lip side, oi the seal always fac 
toward the lubricant , 

b. Oil the sea] and the shaft with the 
sys tew i lubri cant , 

/, On metal cased seals, use gasket 

rem,^nt to prevent leaks in the l^ore 
area . 

CAIMK^N: Mo iio( let c^nep^ ^vi on the 
I i p su 1 I a( p , 
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8. Use great care in slipping the seal 
over the shaft to protect the lip 
from contact with sharp threads, 
keyways, splines or rough shaft 

^ surface, Always protect it with a 
\ tool, shim stock, or take other pro- 
^ tective measures, 

Press the seal with a circular tool 
near the outer diameter of the seal 
case. If available in the shop, use 
an approved seal driving too, 
CAUTION: Never press on the seal lip* 
Never use sharp tools. 

9. Be certain seal is properly seated 
to obtain correct lip pressure on 
the shaft. Do not force seal be- 
yond its intended location. Do not 
distort seal by bending or "dish- 
ing'* the metal case. 

lU, Be certain seal area is free from 
dirt, as this can quickly damage 
the seal and shaft. 

11. Turn the mechanism by hand to check 
for freedom of operation before 
operating under power. 

12. Allow a slight amount of leakage in 
the first few hours of operation as 
the seal wears off its sharp edge 
and seals to the shaft. 





Use. too\ ^^^^ ^^^^ ^^^^"^ 
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SELF-TEST 

Complete the sentence or circle the most correct answer, 

1* A seal that operates against moving parte is called a 

'2, A seal joining non-moving parts is called a seal. 



seal « 



3, An exclusion seal is used lo keep material from (entering, or exiting ,) 

4, An inclusion seal is used to keep material from X entering ^ or exiting ) , 

5, Seals are usually a simple, uncomplicated device, T or 

6, An oil seal is usually a ^ ^ "seal, 

7, Many seals have metal cases, T or F, 

8, Seals may perform 2 functions at once. T or F, 

9, The lip faces (toward, away from ) the fluid reservoir, 

10, Friction of the lip rubbing the shaft does the sealing, T or F, 

11, List 4 reasons why seals fail. 



12, Effectiveness of a seal depends on of the lip in contact with 

the shaft, the exerted by the seal against the shaft and the 



condition of the 



of the shaft. 



13, In a functioning seal, a 



14, Alv;ays replace seals' that have been 



15, Lubricate the seal and the shaft with 



docs the sealing. 



by a repair, 
oil. 
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POST-TEST KEY 

INTRODUCTION AND HADIAL LIP SEALS 



Package No. 107-F 



1. F 

2. F 

3. T 

A. lubricate 

5. F 

6. F 

7. F 

8. lip 

9. by hand 

10. T * 

11. exclusion 

12. static 

13. fluid 

14. heat, wear 

15. shaft 

16. installation 
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POST— TEST Package Number^0Zl!_ 

INTRODUCTION AND RADIAL LIP SEALS 

Z 

INSTRUCTIONS: Complete the sentence or circle the most correct answer. 3 

(0 

1. Any seal may be used to replace another if it is the same size and shape. 
T F 

2. Manufacturer's recommended fluids are best but you may substitute if It is 
more convenient. T F • 

3. Shafts may be sloothed with a file, if nicked. T F 

4. Always the shaft and seal before installing. 

5. Metal cased seals may be struck directly with hammer if care is used. 
T F 



6. Gasket cement is used on metal covered seals. T F 

7. Seals may be slipped over unprotected splines if care i^ used. T F 

8. Seals must be properly seated to provide correct 

pressure. 

9. Mechanism should be cycled ^ before power is applied. 

10. New seals will leak during the run-in period. T F 

11. A seal that keeps fluid out is an seal. 

12. A seal between unmoving parts is a seal. 

13. Wrong in the sealed area may cause the seal to fail. 

1/4. Excessive will cause a seal to fail. 

15. A bent will cause seal failure. 

16, Careless will cause seal failure. 
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MACHINE COMPONENTS — CHAIN DRIVES 



Goal; 



The apprentice will be able to describe 
chain drives and their use in machine 
applications. 



Performance Indicators: 



1. Describe types ai;d uses of 
chain drives. 

2. Describe operation and safety 
of chain drives. 

3. Describe procedures for storing 
cleaning and lubricating chains 

4. Describe adjustment of chain 
slack . 

5. Describe ali^»nmen! ol sprockets 

(), r/pscrib(^ t roul)! esh(H;t in^', 

:)ro(:'edur(\s in cliain drive's, 



102^A CHAIN DRIVE INTRODUCTION 



This learning package material is designed 
to teach the student the basic terminology, 
principles, and types of chain- drives. The 
student should continue into additional learn 
ing packages for maintenance and design 
information. 
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Having successfully completed this learn- 
ing package, the student will be able to: 

1. State the 3 basic uses of chain drives. 

2* Give 5 advantages and 3 disadvantages 
of chain drives. 

3- Describe how a chain drive works. 

A. State 12 principles of chain drives o 

5- Name 10 types of chains. 

6. Describe 3 types of chains in common use, 
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LEARNING ACTIVITIES 

ACTIVITIES PURPOSE 



Read: Information Sheet 


Contains basic introductory 
information on chain drives. 


Read: John Deere, Fundamentals of 


Contains information on chain 

Hr-f p flv An t'AC' e s and tVOes* 


bervice rower irains i 
Belts & Chains 


Do: Using the chain--board 
available in the shop, 
identify all of the chains 
and their uses, 

1 — , 


Provides a practical tool to 
permit the student to recognize 
different chain types 



INFORMATION SHEET 



CAHIN DRIVE INTRODUCTION 

A chain drive is similar to 
a belt drive except it is: 

- less flexible 

- more powerful 

- eliminates slip 




It consists of an endless chain and toothed sprockets. 

USES OF CHAIN DRIVES 

Chain drives have three main uses : 

TRANSMIT POWER 

Chain drives are used to turn shafts, much in same manner as belt drive 
systems. A chain works well in running several shafts from a main power 
shaft. A chain drive is sometimes referred to as a "flexible p.f^-arinR 
system. 
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TIMING 



Chains are used in timing because they do not slip or creep on the sprockets 
as belts do on pulleys* This accuracy is necessary in timing applications. 
Most automobile engines use timing chains. 

CONVEYING 

Conveying implies pushing, pulling, sliding or carrying material. 

Often conveyors are required to work at very low speed carrying heavy loads. 

The belt may be used to hold the material but often a plain link chain is 

used to drive the belt system rather than using the belt friction on the pulley 

to carry the load. 

ADVAJ^TAGES OF CHAIN DRIVES 

STURDIER 

Chains are sturdier than belts. Not only can a chain of equal size to a belt 
carry a heavier load, but heat, sun, age, oil and grease do not affect its 
life. 

COMPACT 

The load carrying* capacity is greater for a chain than a belt of eqyal size* 
This means that for an equal load, the chain drive can be much smaller than 
a belt drive* 

NO SLIPPAGE 

Belts depend upon friction caused by tension for their load carrying capacity. 
There are times when the stretching of a belt may cause it to slip. Belts 
may also have a tendency to creep, even if tension is properly applied. Chain 
drives operate by pulling against teeth on sprockets and, therefore, eliminate 
both slip and creep. 

LONGER LIVED 

Chains last longer than belts because they are not affected by elements and 
conditions which are detrimental to belts. 

LOW SPEED 

Low speed applications work better with chains because they pull against 
toothed sprockets rather than rely on friction for their power. 

OPERATE AT HIGHER AND LOWER TEMPERATURE 

Chains can operate in environments that would completely destroy belts. 
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DISADVANTAGES OF CHAIN DRIVES 



NOISE 

Chains are generally noisier than belts. Where several are used in an 
application, the noise level may be excessively high. 

LUBRICATIOM 

Chains require lubrication on a regular basis . 
NOSLIPPAGE 

Some applications require a slipping power transfer such as used in a belt 
drive clutch. Chain drives cannot supply this without- special modification. 

DIRT _AND_ FOREIGN_PARTICLES 

Chains accumulate and can be damaged by dirt and foreign materials. 
MAINTENANCE 

Requires regular maintenance. 
PRINCIPLES OF CHAIN DRIVES 
TEN TEETH 

Generally, sprockets require in excess 
of twelve teeth to be large enough- for 
power transfer without excessive wear 
'on the chain, 

CHAIN LINKS AND SPROCKET TEETH SHOULD CHANGE EACH REVOLUTION 

If chains have an even number of links, sprockets should have an odd number 
of teeth. This permits the links to change teeth each revolution and not 
permit one link to wear on a specific tooth, regularly. 

SMALL SPROCKETS CAUSE GREATER WEAR THAN LARGE 

Because the small sprocket causes 
the chain to bend more ^han a 
large sprocket, the pins and joints 
will have greater wear. 





SHORT LINKS BEND LESS THAN LONG LINKS 



The shorter the bend between links, the less 
the l^ear. Therafore, short links work 
better on small sprockets than long links. 
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HORIZONTAL DRIVES SHOULD HAVE SLACK ON THE BOTTOM 



If slack Is ou' the top of a 
horizontal drive, there is 
danger of the slack falling 
into the taut side of a 
chain, causing unnecessary 
wear. 





CHAIN SLACK MUST BE CHECKED REGULARLY 

Chain slack can grow due to wear on the sprocket teeth and the chain links, 
Slack should be checked and adjusted regularly. 

TIGHTENERS SHOULD BE INSTALLED ON SLACK SIP^ 



Chain tighteners are required to talce 
up the slack of a chain drive, not to 
apply tension on the chain. . For this 
reason, they are to be used on the 
slack side. 




SPROCKET DIRECTION DEPENDS ON LOCATION 

Sprockets located on the same side 
of the chain rotate the same 
direction*' If they are located on 
*the opposite side of the chain, 
they rotate in the opposite direction. 




WORN SPROCKETS WILL CAUSE THE CHAIN TO CLIMB 



As the sprocket wears, the distance between the teeth increases so that the 
chain links will no longer fit. 

This wear will cause the link rollers to 
strike the sprocket tooth toward the point 
of the sprocket tooth, causing the chain to 
climb. 
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CHAIN DRIVE TYPES 



There are a large nurtiber of chain drive types available today. Some of the 
types are listed below: 



Common Use 

roJ.ler 

rollerless 

silent 

plain (detachable) 

pintle 

block 



Special Purpose 
bushing 

straight sidebar 
leaf 

side bow 
plate top 
flexible 
saw 



For the purpose of this lesson series, we will address the three most 
commonly used chain drive types. 

'or 

ROLLER 

Roller chains are used for moderate speed, heavy load applications. They 
may be used to run in either direction. 

Some terms of interest are; 

pitch - distance between 
roller centers 

width - distance between 
side bars 

'single pitch - one roller per 
sprocket tooth 

double pitch - one roller per 

two sprocket teeth 

roller diameter - distance across 

the roller 

SILENT 





Silent chains are used for high speed, 
quiet operation in either direction. 
Silent chains usually have teeth on 
one side that run in a gear-like 
sprocket. 
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PLAIN 

Plain chains are generally used in 
low speed, heavy duty applications 
such as conveyors, etc. They ruij^^in 
only one direction with the link end 
first. 




WORKSHEET 
Pick another type of chain drive 
Research it 
Describe its use 

Give its advantages and dis- 
advantages • 

SELF TEST 



1. Chain drivers are used in some automobile engines for 



2. Two disadvantages the chain drives have in comparison to belt drives are 



l^/hen buckets are attached to the chain on a chain drive, the system is 
commonly referred to as a 



Chains are 



5. 3 common types of chains are 



than belts, of the same diameter. 



aa^uoaijs *^ 

ayuddix^ ou put' * uo t^t^otaqnx pnou ^asiou 
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POST^TEST KEY 



Package No. 102-A 



CIIAIN DRIVE INTRODUCTION 

1. transmit power 
timing 
conveying 

2. sturdior 
compact 

do not t;lip 
long level 
low speed 

operate at high or low temperature 

3. roller 
rollerless 

plain (detachable) 

silent 

pintle 

block . 

4. climb 

5. cleaned, oiled, adjusted 

6. temperatiires 

7. slip or stretch 

8. There is no give to a chain so the chain cuts into anything caught in the 
chain drive. 




POST— TEST Package Number . .liL^-iiV 



!'.*!'» T !i '\'S : ( lorip f r foil i wy, son f 

I. 5 Ivi-, ic use^; ot' ^'ii/iin drivt»:' ire 

aihi • _ ■ . ^ 



\ 



\. *• L\'Pos oi chains in cor.iiiu.>n usu are: 



M^rn :;pr()cliets ^-/il] caiUM* liit* chain to 



i.i-u- 5 maiuteaancr ^vvvico thai an» done to chains to keep them in good 
vork i uy. condi I i on . 



f.. f ;;.i,n:; ran use.: vher. are very extreme 

/. C'nain drivi"; are dani'.i» rtur" to rin^',ers because they do not 



H. Hand- and let^L can h" .iat:;a«;ed severlv it cauj^hl in a chain drive. Explain 



IP. '.• .Mir (n;n wnra 
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102-D CHA.IN SLACK AND,.SPROCK ALIGNMENT 



The purpose of this learning package 
is to teach proper tensioning of chain 
drives* These drives must have the 
correct amount of slack or they will 
wear rapidly. 
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LEARNING ACTIVITIES 

ACTIVITIES PURPOSE 


, Read: Information Sheet 


Contains the basic general inform- 
ation required for proper setting 
of chain slack. 


Read: John Deere, Fundamentals of 


Provides more information on the 
settling of chain slack. 


Service - Power Trains, ' 
page 10^10, Belts & Chains, 
page AO 


Do: Set proper tension on the 

shop chain drive systems to 
your instructor s satisfact- 
ion. 


Practical experience will provide 
best^learning tool in setting 
chain slack 


Do: Align the sprockets on a: 

- bicycle 
^ motorcycle 



INFORMATION SHEET 
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CHAIN SLACK - GENERAL 

Chains do not have initial tension 
as do belts. Chains do not have an 
initial stretch after installation. 
For best result, about 2% of center 
distance should be allowed when 
sotting slack (see Adjusting Slack). 




TOO TIGHT 



When chains are adjusted without any slack, the chain will bind as it rides 
over the teeth on the sprocket. This binding action creates an artificially 
heavy load and causes rapid chain wear. 

TOO LOOSE 

If chains are adjusted with too much slack, they are likely to vibrate and 
whip. They might whip sufficiently to come off a sprocket. In any event, the 
added shock and wear action on the chain will greatly reduce its life. 

CHAIN STRETCH 

As stated above, chains do not have an Initial stretch as belts do. However, 
wear on pins and the pin bushing surface will cause chains to stretch. 

2 
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\Jhen thay stretch to where they try to climb a sprocket, the chain is no longer 
useful. 



ADJUSTING SLACK 



HORIZONTAL DRIVES 



An easy rule of thumb to use 
in adjusting slack is to allow 
about 1/4" per foot between 
centers on horizontal drives* 
This may be measured by taking 
all the slack out of the system 
by laying a straight edge on 
the sprockets and pressing 
against the chain with a rule./^ 




VERTICAL DRIVES 

Vt^.rtical drives arid those that run 
in a reverse direction or are subject 
to snock loadings require that both 
chain spans are almost tight. Too 
much slack increases the impact of 
shock loads. 

NOTE : Sprockets may be out of round. 
Be sure to turn the chain drive 
system and test slack in several 
positions. 

CAUTION : Never adjust chains in motion, 
TIGHTENERS 

Generally, there are five types of chain tighteners. Four types are means 
of moving shafts to adjust for the chain lengths. The fifth is a chain idler 
similar to a belt system idler. 
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catenary 

Gravity 




Chain TLchteners 
(idler) 




SAFETY 

Lock out drive system to prevent inadvertent rotation of sprocket which could 
pinch or cut off fingers.' 

Chain drives are particularly hazardous devices when safety guards are removed 
for drive servicing^ 

Be sure to restrict loose clothing such as neckties, open sleeves, open jackets 
or coats, straps or clothing flaps that could get caught in the chains. 

Keep fingers, feet and hair away from operating chain drives. The draft 
established by some configurations will pull loose clothing or hair into 
chains and sprockets. Obviously, this can be extremely dangerous. 

Extreme caution should be used around chain drives. Fingers and other 
appendages have been cut off when caught in a moving chain drive system. There 
is no stretch or slippage in chain drives as there is in belts. Keep safety 
guard on chain drives at all times unless it is being attended for serviGin^',. 

SPROCKET ALIGNMENT 

A part of setting proper tensioa on a chain drive is to adjust the alip,nment. 

If the alignment of shafts and sprockets is not properly done, chains will 
have side wear and their life span will be greatly reduced. 
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ALIGN THE SHAFTS 



If shafts are not in line, the 
sprockets cannot be in line. Be 
sure the shafts are parallel to 
each other* In the illustration, 
distance x must be the same as 
distance y. If on a stationary 
machine, the shafts can be adjust- 
ed to a horizontally level position, 
side wear will be reduced. 



ALIGN THE SPROCKETS 

Sprockets should be checked for 
damage before attempting to 
align them. A pointer may be 
placed close to one side of the 
sprocket and rested on a sepa- 
rate support. As the sprocket 
shaft is slowly rotated by hand, 
the distance between the pointer 
and the edge of the sprocket 
should show very little change. 
If sprockets are damaged, they ' 
should be replaced. 

Axial alignment of the sprockets 
means to place the sprockets in 
line with each other on parallel 
shafts. This may be done by 
placing a straight edge on the 
smooth side of the sprocket 
that is in the correct position 
and adjusting the other sprocket 
until it, too, touches the 
straight edge. 

NOTE : Be sure the straight edge lies along 
the sprocket sides or touches them 
firmly at each edge. 

If shafts have end play, find the 
normal position of the critical shaft 
(such as an electric motor) by noting 
the running position and marking on 
an identifying surface. Then, align 
to that position. 
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SELF-TEST 



1. Bicycle chain drives are adjusted almost tight because of the 

load that is applied when braking. 

2. Sprockets must be aligned to prevent pressure on the 

chain* 

3. 3 types of chain tighteners are: 



4. Shafts that hold sprockets should run , to each 

other. 

5. Proper chain slack is approximately 1/4" per foot, measured between 
sprocket . 



opts -2 
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POST-TEST KEY Package No. 102-D 

CHAI'.; SLACK & SPROCKET ALIGNMENT 

1. climb 

2. whip 

3. 1/4" 

4. sprockets 

5. motion 



/ 





I 

POST-TEST Package Nnmhpr 1Q2-D 

CHAIN SLACK AND SPROCKET ALIGNMENT 

Z 
01 

INSTRUCTIONS: Complete the following sentences, 3 

CD 

1, Worn chain pins and bushings allow the chain to stretch which will cause 
the roller to the sprocket teeth^ 

2* Chains that hav^^too much slack may and break,, or come 

off its sprocke|;s. f, 

^ 

3, Proper chain slack is Osuallly about ^ per foot, measured between 
sprocket centers. 

4, A straight edge should be= used to align the 

O 

5, Never adjust chains that are in * ^ 2. 
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TROUBLESHOOTING CHAIN DRIVES 



The purpose of this learning package 
Is to prepare the student to recognize 
various problems that cause Improper 
chain wear and to know the causes of 
that wear. 



o 
> 

o 

< 
m 
to 



ERLC 



22/ 



When this learning package Is success- 
fully concluded the student, given 
eleven types of chain problems, will 
be able to: 

1. Recognize possible causes and 
take corrective action. 
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LEARNING ACTIVITIES 

ACTIVITIES PURPOSE 



Read: Information Sheet 


A basic chart of failures and 
corrective action is provided. 


Read: John Deere, Fundamentals of 


Provides information on chain 
wear damage. 

« 


DoiTvxcei ruwet i irains 
Belt & Chains 


uo . usxng cne snop cnam^^Doara, 
identify the problem and 
probable cause of the 
damage on each chain seg- 
ment. 


LO De HO Xc CO acucxmxnc Xl d 
chain is in operable condition. 


Do: Check sprockets for chain 
wear 


Do: Check chain length of a worn 
chain in relation to a match- 
ing new chain. 



INFORMATION SHEET 

SAFETY 

Chain drives are particularly hazardous devices v/hen safety guards are 
removed for drive servicing. 

Be sure to restrict loose clothing such as neckties, open sleeves » open 
Jackets or coata, straps , or clothing flaps that could get caught in the 
chains. 

Keep fingers, feet and hair away from operating chain drives. The draft 
established by some configurations will pull loose clothing or hair into 
chains and sprockets. Obviously, this can be extremely dangerous. 

Extreme caution should be used around chain drives. Fingers and other afipend 
ages have been cut ol:f when caught in a moving chain drive system. There is 
no stretch or slippage in chain drives as there is in belts. 

Keep safety guards on chain drives at all times unless it is being attended 
for servicing. 
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Lock out drive system to prevent Inadvertent rotation of sprocket which could 
pinch or cut off fingers. 



TROUBLE SHOOTING CHART 
PROBLEM 
TOO MUCH NOISE 



2. WEAR ON CHAIN SIDE 
BARS OR LINK PLATES 
& SIDES OF SPROCKET 
TEETH 



POSSIBLE CAUSE 

- sprocket misaligned 

- wrong slack 

- wrong chain size 

- no lubrication 



- misalignment 



^^AT TO DO 

- align 

- adjust slack 

- check charts for 
correct chain 

- lubricate & set a 
regular maintenance 
schedule 

- align 
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CHAIN CLIMBS 
SPROCKET 




4, 



CHAIN CLINGS TO 
SPROCKETS 




5* BROKEN SPROCKET 
TEETH 




- chain or .sprocket worn 
out 

- poor fitting of chains 
on sprockets 

- excessive slack 

- material build-up 
in teeth 

lack of ^x:ha^i\,^wrap 



- wrong chain 

- worn sprocket 
pockets 

- heavy lubricant 

- material build-up 



obstructions in 
chain guards 

excessive shock 
loads 

chain climbing 
sprocket teeth 



replace defective 
parts 

check if sprocket 
is worn. If so^ 
replace 
adjust slack 
remove material 
& protect chain 
running area 
revise drive to 
put more teeth 
In contact with 
chain. Add an 
idler. 

replace with 
correct chain 
replace or re- 
verse sprocket 
clean & use 
correct lubrican^t 
remove material & 
protect chain 
running area 

check chain & 
sprocket guard 
clearances 
reduce shock or 
install stronger 
sprockets 
see 3« 
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PROBLEM 

6. BROKEN PINS, 

BUSHINGS OR ROLLERS 



7. CHAIN WHIPS 



8. CHAIN SURGING 
(Conveyor belts) 



9. CHAIN STIFFENS 



POSSIBLE CAUSE 
uneven chain wear 
lack of lubrication 
heavy shock loading 
material buildup 



corrosion 

badly worn or wrong 
sprockets 



- uneven chain wear 

- one or more stiff 
joints 

■ high pulsating 
loads 

* excess chain slack 

^ chain too tight or 

too loose 
•chain tighteners In 

wrong locations 

- mechanical Inter- 
ference.- 

* sprockets too small 

■ chain track worn 

- lack of lubrication 



- stiff chain Joints 

- concentrated loads 

- lack of lubrication 

- corrosion 

- excessive overloads 

- material buildup 



peenlng of side 
plate edgee 
misalignment 



WHAT TO DO 

use chain with 
higher limits 
lubricate & set 
lubrication schedule 
reduce shock 3^oads 
or use heavier chain 
remove material & 
protect chain running, 
area 

protect from corrosion 
check for correct 
sprocket size & 
specifications 

replace chain 
remove stiff joints 
see 9 

reduce loads or use 
stronger chains 
adjust slack 

adjust to proper 
slack 

relocate tighteners 

remove interference 

replace with larger 
sprockets 
replace track 
lubricate &- set 
regular lubrication 
schedule 

free up or replace 
links - sec 9 
even out loading 

remove 9 clean & 
lubricate 

protect chain from 
corrosion 

reduce :overloads or 
use heavier chain 
protect chain with 
guard-clean & lubri- 
cate more often 
check for chain 
Interference & correct 
check^^sp rocket & shaft 
alignment 
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PROBLEMS 



POSSIBLE CAUSE 



WHAT TO DO 



10. CHAIN FASTENERS 
FALL 



11. CHAIN DRIVE RUNS TOO 
HOT 



- tibration 

- obstructions strike 
cotter pins 

- cotter pins not 
correctly Installed 



• operating faster 
than recommended 

• lack of lubrication 

- chain operating faster 
,^\than oiler capacity 

• eKpin rubbing on 
obstruction 



check for cause of 
vibration & reduce it 

- eliminate obstruct- 
ions or change to 
another type of chain 

- install cotter pins 
tightly & close to 
the chain side bar 

*- check for maximum 
speed 

- increase volume of 
oil 

- use oil stream 
lubrl^cation system 

- remove obstructions 
to chain drive 



DON'TS FOR ROLLER CHAI NS 

DON'T put a new link in a worn chain. The .bite is different and shock will 

quickly destroy the chain. J. 

DON'T install a new chain on badly worn sprockets. A few hours operation will 
do more damage than years of regular use. 

r ' 

DON'T run chains too tight or too loose. Either will cause rapid wear. 



SELF TEST 



Complete the sentences. 



r 



1» \^en replacing badly worn chain, also replace 
sprockets • 



of the 



2. Don't put a 

3. Too little 



link in a worn chain, 
will cause a chain to heat. 



4* Broken sprocket teeth are usually caused by 



5. Misalignment may cause the chain to 



4 



6. Chains dlinging to sprockets is caused by too 
lubricant. 



a 



• 
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ANS^^RS TO SELF-TEST 



1. both 

2, new 

i 

3\ lubrication 

4. excessive shock load 

5, s^tlffen 



>• sstlrren 




POST— TEST Package NumberJ-OZzL 



z 

Obtain a chain and a sprocket from instructor^ 3 

(D 

1. Identify causes for chain wear 



2. Identify sprockets, determine cause? for wear* 



a 
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102«C STORING, CLEANING AND LUBRICATING CHAINS 




The purpose of this learning package is 
to teach basic storing, cleaning and 
lubrication practices for chains* It is 
intended for the person who will need 
this information in the maintenance of 
chains and chain drives* A chain drive 
maintenance person should understand 
the infotmation contained in learning 

packages 102-A and 102-8, 2 

o 

TO 



m 
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Upon successful completion of this package, 
the student will be able to; 

1^ State and demonstrate the three proper 
steps to store used chalxis, 

2» State the 5 steps to properly clean 
chains , 

3, Describe the 4 reasons why lubricating 
chains Is a requirement, 

4, State the 6 rules of lubrication^ 

5, Discuss 3 methods of lubrication, 
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LEARNING ACTIVITIES 



ACTIVITIES PURPOSE 



Read: Information Sheet 


Basic lubrication techniques 
and practices are stated In the 
Information Sheet. 


Read: Fuhdaraehtals of Service 


♦ 

Provides information in 
lubrication, cleaning & 
storing of chains. 


Power Trains^ Belts and 
Chains. John Deere 


Do: Remove, clean, lubricate, 
install, align and tension 
a bicycle chain. 


Practical experience in these 
processes is more beneficial 
to learning than reading. 


Do: Remove, clean, lubricate, 

install, align, and tension 
a motorcycle chain. 



2 
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INFORMATION SHEET 




STORING CHAINS 
NEW CHAINS 

When new chains are received from the manufacturer that are not to be placed 
in use immediately, caution the receiver to inspect the purchase without 
disturbing the manufacturer's original lubrication^ Do not remove the new 
chain's special break-in lubricant. 



These chains should be stored in the manufacturer's box and wrapping paper ♦ 
They should be stored indoors away from dirt, heat, and moisture. 

If the lubrication has been removed (or partially removed) , run the chain 
through the storing procedure for old chains. 

OLD CHAINS 

Old chains to be stored for a long period of time should be removed from the 
equipment, washed (as discussed in the next topic), and completely coated 
with heavy grease. They should then be wrapped in heavy, grease resistant 
paper and properly identified before storing Indoors away from dirt, heat and 
moisture. All sprocket teeth on which the chain runs should also be cleaned 
with solvent and coated with heavy grease. 
/fflTEs Both old and new chains with a preservative should be cleaned and 
J lubricated when they are put into service. (Don't foget to clean the 

sprockets if they have been grease-coatedl) 

CLEANING 

When chains become dirty they must be cleaned or they will wear out rapidly. 
The cleaning process is generally as follows: 

- Remove chain from equipment. This is necessary to permit a thorough washing 
of the chain. 

^ Immerse and wash in cleaning solvent to remove grit and abrasives. 

NOTE : Cleaning solvent has a lower flash point than kerosene or diesel fuels 
and, therefore, is much safer to use in the shop. 
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- Dry chain by accepted methods, 

- Hang chain over solvent bath to drain solvent. Solvents will dilute oil 
bath if this step is omitted, 

- Soak cha^n in lubricating oil to permit oil to soak into the pins and 
bushings , 

- Hand chain over oil bath to drain off the excess oil before re-installing 
on the equipment. If reinstalled without draining, oil will spray over 
the equipment causing a housekeeping problem. Hang In a dust free place. 

LUBRICATING - - - - - 

WHY LUBRICATE 

Even though it seems obvious, we must state that lubrication of chains must 
be done on a regularly scheduled basis. Proper lubrication will: 

"• Prevent rust, / 

- Prevent seizing of the pins, 

- Reduce wear, 

- Cushion shock loads, 
LUBRICATION RULES 

The following rules will help iu developing lubricating procedures: 

- Lubricate at ^gular intervals, 

- Remove excess dirt before lubricating, 

- Protect chains from contaminants where possible, 

- Follow equipment manufacturer's instructions, 

- Lubricant must penetrate the chain joints', 

- The higher the speed - the greater the need for lubricants. 



LUBRICATION METHODS 
Manual: brush 



aerosol can 



oil can 



pressure gun 






Manual lubrication should be scheduled at least- every 8 hours of machine operation, 

4 
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Semi-automatic; 



Automatic: 



SAFETY 



contact brush 



hot soak 




oil bath 




oil disk 




drip oiler 




oil stream 




Chain drives are particularly hazardous devices when safety guards are removed 
for drive servicing. 

Be sure to restrict loose clothing such as neckties, open sleeves, open 
jackets or coats, straps or clothing -flaps that could get caught in the 
chains , 

Keep fingers, feet and hair a«ray from operating chain drives. The draft 
established by some configurations will pull loose clothing or hair into 
chains and sprockets. Obviously, this can be extremely dangerous. 

Extreme caution should be used around chain drives, Fingers and other appen- 
dages have been cut off when caught' in a moving chain drive system. There is 
in belts. Keep safety guard on chain drives at all times utiless it is being 
attended for servicing, 

NOTE: Use only cleaning solvents rather than kerosene or diesel fuel, if 

possible, The flash point in solvents is lower and, therefore, will 
not create as great a fire hazard, 

CAUTION: Do not use gasoline, 

Lock out drive system to prevent inadvertent rotation of sprocket which could 
pinch or cut off fingers, 
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SELF-TEST 

!• Chains should be periodically to add to . 

their life, 

2. Excessive cleaning solvents should be dried from chain before lubricant 
is applied because solvent will the lubricant, 

3. Chains on bicycles can be oiled in place most easily with a 



4, Used chains should and before 

wrapping, numbering and marking for storage. 



A^xds xo qsiuq 
paXTO *pdue3X^ *T 
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POST-TEST KEY 



Package No, 102-C 




STORING, CLEANING, AND LUBRICATING CHAINS 

1. lubrication 

2. solvent 

3. they create more heat 

4. dirt 

5. nianual 
semi-automatic 
automatic 
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POST— TEST Package Number 

STORING, CLEANING, AND LUBRICATING CHAINS 
INSTRUCTIONS: Complete the sentences. 



!• In order to prevent the rollers and pins from seizing, proper 
i^hould be applied regularly. 



2. Chains should be removed and soaked in to clean. 



3, High speed chains require more lubrication than low speed chains. Explain, 



4. Excess should always be removed from the chain with 

cleaning solvent before lubricating. 



5. Name 3 kinds of lubrication systems • 




After successful completion of this 
learning package, the student will be 
able to: 

1. State the results of too much tension 
on chain drives. 

2. State the effects of too loose tension 
on chain drives. 

3. Describe and set proper tent?ion 
-on horizontal drives 

-on vertical drives 

4. Describe 5 types of tension setting devices. 

5. Define axial alignment. 

6. Align shafts and sprockets. 
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ii^NING ACTIVITIES 

ACTIVITIES ' ' PURPOSE 











Read: 


Information Sheet v 




Provides basic Information on 




^. 


\ 


arrangements and operating 




/ 

^ 


procedures. 


Read: 


John Deere, Fxmdamentals 


of 






Service - Belts & Chains 
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INFORMATION SHEET / 



CHAIN DRIVES IN USE 



ARRANGEMENTS 

Generally speaking, chain drives are used 
in an open configuration. Most chains are 
not flexible enough for other t/^ iS of 
drive arrangements. ^ 

In horizontal arrangements, be sure the 
slack side of the chain ds 6n the lower 
side. 

Vertical arrangements of sprockets 
should be offset 60 the shafts are 
not directly above one another. When 
they are positioned in this manner, 
chain slack can cause unnecessary wear. 

Offset shafts permit chain slack to be 
on the lower side. 



NOTE ; If it is not possible to keep 

slack on lower side because chain 
goes both directions, see learn- 
ing package Chain Slack 102-^0. 




CHAIN DRIVE STARTING A STOPPING P ROCEDURES 
Generally: 



- Start the system unloaded. 

- begin to run a chain drive system slowly to assure that all links are moving 
freely, proper lubrication is taking place, and no obstructions are hinder- 
ing-.^he operation. 

~ gradually^ bring up to operating speed and add load. 

Conveyors, elevators and similar systems require more care than other systems; 

*^^they should be unloaded before they are stopped. If they carry materials 
such as concrete that may harden, they should be properly cleaned immediately 
aft^ shut down or on a regular basis. 

- routine inspection of the Wtire system should be made to discover 
obstructioi^* that could cause overloading fee the system. 

- start up before loadtlVg. This will prevent an unnecessary strain on all of 
the starting mechanisms. Many equipment manufacturers recommend hand cycling 
when possible. 

. 

- the system should be run occasionally during extended shut-down periods to 
prevent the chain links from freezing in position. 

- when a Chain drive is run under a condition of excessive heat, it should 
• be run at normal temperatures for a period before shutting it down, if 

possible. 



^ SAFETY 

Chain drives are particularly hazardous devices when safety guards are removed 
for drive servicing. 

Be sure to restrict loose clothing such as neckties, open sleeves, open jackets 
or coats, .straps or clothing flaps 'that could get caught in the chain.s. 

, Keep fingers, feet and hair away from operating chain drives. The draft 
estTabllLshed* by some configurations will pull loose ^clothing or h^tir into chains 
and sprockets. Obvipusly, this can be extremely dangerous* 

Extreme caution should' be used around chain drives. 

Fing(?rs and other appendages have been eii^ off when caught In a moving chain 
drive system. There li^ no stretch or slippape in chain drives as there is In 
belts. 

Keep safety guards on chain drlve.s <it .ill time--;. unle5;s It is bein).'. attended for 
seryi V In)^. 



( 
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Lock, out drive system to prevent inadvertent rotation of sprocket which could 
pinch or cut off fingers. 



SELF-TEST 

1, A bicycle has an <^hain drive. 

2, In a horizontal chain drive, chain slack should be oii the _ 
side. 

3, Three general rules for starting chain drives are: 



4, Give 5 rules for operating conveyoc systems, 
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POST-TEST KEY Package No. 102~B 



CHAIN DRIVES IN USE 

\ 

!• offset 
2 • lower 

« 

3« unloaded 

♦ 

A • s low 

5. chains are quick to pick up foreign materials and are hard to stop. 
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POST-TEST Package Number. iQZ-b 

CHAIN DRIVES IN USE 

INSTRUCTIONS: Complete the sentences. 

1. Vertical arrangement of sprockets should be ,^ 

« 

2. Chain slack should be on the side of a horizontal 

chain drive. 

3. Generally, conveyors should be before they are 

stopped. 

A. Chain drives should be run at a ^ speed through their 

cycle before full power is applied. 

1 . - 

5. Clothing, hair, hands, and feet must be kept away from chain drives. 
Explain in your jwn words. 



* 



10.5 

MACHINE COMPONENTS — BELTS AND PULLEYS 



Goal: 

The apprentice will be able to describe 
belts and pulleys* 



Performance Indicators: 

1. Describe advantages and dis- 
advantages o£ belt and pulley 
systems. 

1, Describe adjustnent of belt 
drives* 

3« Describe flat belt systems. 

4. Describe specialised belt types. 

5. Doscribc v-belt systems. 

6. Doscribo puJiey alignment • 

7. Doscri variable^ speed pul leys. 
H , i;(\sc r i ■h* \ \ r 1 ill r h(\s . 
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BELT AND PULLEYS 



Belt drive systems are very common for 
good reasons. Among their advantages 
are: low cost, simplicity, easy care, 
and quiet running, Their disadvantages 
are relatively minor. 

Maintenance of belL drives involves 
setting the proper tension, aligning 
the pulleys, and replacing the belt 
when it shows excessive wear. 

Pulleys mtist never be worked on when 
the machinery is running. They can 
be dangerous, 
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After completing this package: 

1, You will be able to list three common types of belts, 
A I Optional - Given samples of three common types of 

belts, you will be able to name them and tell 
where they might be used, 

2. You will be able to state the advantages and 
disadvantages of belt drive systems. 

3t Given a belt drive system, you will be able to 

identify its parts, 
4. Given a belt drive, you will be able to: 

- safely change the belt 
~ align the belt 

- adjust tension, keeping it so that the bearings 
are not damaged 

- point out what to look for in examining a belt 
for wear 
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LEARNING ACTIVITIES 



ACTIVITIES 



PURPOSE 



READ: Information Sheet //I 


This provides definitions of the 
types of belt drives, the parts 
of a belt drive system, and the 
advantages and disadvantages of 
belt drives. 


READ: Information Sheet //2 


This tells you hov to safely 
adjust belt drives. 



INFORMATION SHEET //I 



DEFINITIONS OF TERMS: 



Belt Drive: 

A belt drive is a drive system in which power is 
transmitted between two or more shafts by the 
friction between the belt and the pulleys on the 
shafts. The amount of friction available depends 
upon tension, speed, belt types, and amount of 
belt -pulley contact surface around th(; pulley. 

Belt: 

A belt is a closed, flexible loop of leather, 
rubber, fabric, rope wire, or a combination 
of any of these natural or sjmthetic materials. 

Belt Types: 

There are three belt types in common use. These differ because of shape and 
function. They are (1) flat, (2) round, (3) V-belts* Ask your instructor 
for examples of systems using these belts. 




Pulleys: 

Pulleys are the wheels on which belts run. 
of belt for which they are to be used. 



Their shape depends upon the type 




Idlers: 

Idlers take up the slack in some belt 
drive systems to permit proper belt 
tension adjustments. Sometimes a 
piece of equipment acts as an idler. 
An example of this is an alternator 
on an automobile* 



Drive Pulley 



The Power and Slack Side of a Belt: 
Fig. 1 




Idler Pulley 



Driven 




Driver 



Belt 




Driven 



Fig. 21 



As a belt drives a pullry, one side (the power side) will pull against the 
driven wheel and the other side will remain slack or loose. In both Figure 
1 and 2, A is pulling B with C the power side of the system and d the slack 
side. The pulley arrangement in Figure 1 is better than that in Figure 2 
because it is. less likely to slip. This is because more of the belt is in 
contact with the pulleys in Figure 1* 

ADVANTAGES OF BELT DRIVE SYSTEMS: 



Easy To Design: 

A belt system is usually the simplest way to transmit power from a motor or 
an engine to a work application. A single belt may drive several accessories. 

Inexpensive: 

A wide range of belt designs are available on the mass-produced market. 
Therefore, chances are tnat an existing belt will fit your new application. 
Belts are usually much less expensive than chains or gears that will do the 
same function. Th^!^^ require no lubrication. 



Absorb Shock: 

Belts are made of flexible materials. When gears and chains absorb shock, 
they are likely to break while belts do not. 



LESS NOISE THAN CHAIN DRIVES: 



Easy To Service : 

Belt flexibility again permits them to be rolled or stretched during installa- 
tion or removal (depending on the type of belt). Tliey do not have to be taken 
apart for removal or lubricated, as do chains. 

M-iy Be Usf-d As A Clutch: 

Belts (other than toothed belts) may be usf.d as a clutch because^ by removing 
the tension on the belt. » it will slip on the drive pulley. 



DISADVANTAGES OF BELT DRIVE SYSTEMS: 



Shorter Life Expectancy: 

Belts are continuously flexing. This bending causes the material to weaken. 
Therefore, the life of a beJt is shorter than for chains or gears# 

Will Not Carry As Heavy A Load: 

Belts work best under light load. Too much load will cause pre-mature wear 
or else the belt just will not have sufficient friction to turn the shaft. 

Not Useable For Timing: 

Generally, belts cannot be used for exact timing. Belts (other than toothed 
belts) will develop a small amount of creep in use and, therefore, cannot be 
relied upon to provide timing accuracy, even though care is used in the 
original setup. 

INFORMATION SHEET //2 

I. SAFETY 

Belt drives are particulary hazardous devices when safety guards are 
removed for drive servicing. Be sure to restrict loos'e clothing such as 
neckties, open sleeves, open jackets or coats, straps, or clothing that 
flaps, as they could get caught in the belt. Keep fingers, feet and hair 
away from operating belt drives. The draft established by some config- 
urations will pull loose clothing or hair into belts and pulleys. Ob- 
viously, this can be extremely dangerous^ Fingers have been cut off by 
trying to put a belt onto a moving pulley. Keep safety guards on a belt 
dnive at all times unless it is attended for servicing. 

II • SIGNS THAT THE SYSTEM NEEDS ADJUSTMENT 

A. The driven pulley appears to be 
slipping. This is a sign that 
the tension needs adjusting; in 
this case tightening. 

B. If the drive motor overheats or 
the bearings sound noisy, the 
tension may be too great or the 
bearings may need lubrication. 

C. When a black 'Must'' is found 
under or near a belt drive, the 
belt may be .wearing too much. 
This dust is fine rubber parti- 
cles worn off of the rubber 
belt. Check the tension and 
alignment of the belt. 

D. As rubber belts get older, they 
begin to crack and fray. Always 
replace these belts. The actual 
life of a belt varies with the 
quality, operating temperature, 
and maintenance. N^er allow 
grease or oil to get on a belt. 
This will make it slip and cause 
the rubber to crack. 

4 



Here is what to look for on a 
worn belt. 



Side 



View ^^V;:^^^^^ .v^-i 
^^^^^ 



(1) Cracks Undernedth 



(2) Fraying or crapks 
on top 



(3) Shiny sides rriciy 
indicate slipping. 
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Belt tension is one of the elements that provides proper friction to 
the belt drive, Some belts are made of spring wire or flexible 
rubber and are stretched onto the pulleys. They set their own tension. 
Normally, belt tension is applied to^elts that do not stretch in two 
ways. 

The ideal system - one pulley In the system is moveable to adjust the 
tension, (a) 



Adding an idler system; 



Preferred - on the slack side 
of belt near drive pulley (b) Drive' 

- on power (tight) side of belt 
near driven pulley (c) ^ 

Rule - Have enough tension to ('^^y 
prevent slip and no more^ 




III, OTHER BELT AND PULLEY CONSIDERATIONS 

At Speed 

While most pulley and belt systeiiip 
have no speed adjustment > a few 
have special adjustable sheaves « 
These look like this: 




Driver" 



Idl 



As the adjustment nut is turned 
in or out, the belt will run 
farther out or in thus control- 
ling the effective size of the 
pulley hence the speed of the 
system, Some pulleys have this 
adjustment made automatically 
or by remote control, 

B« Alignment 

Belt pulleys must be properly 
aligned to permit belts to run 
correctly and give longest 
service, (a) 

Wlien belts are out of alignment, 
some will turn over, others will 
jump off the pulley, and still 
others will show excessive 
W'jar, (b) 



Shaft 




V) 

Movable 

/[^"^Ad justment nut 



•^Threads 



Pulley 




, PuUt'y 
I Offset 
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Ct Belt Removal and Replacement Procec 

1, Remove belt 1?l^l5 6j.9n 

2, Remove loose belt 

3, Check condition of all: 
a. Idlers 

. b , pulleys 
c, belts 



remove 



\ 




to tighten 
after installation. 



NOTE ; See lessoti on your 
type of belt for irs xtlon 

m 

4» Remove pulley ^' 

5, Replace pulley 

6, Install good belt 
?• Set tension 



CAUTION ; Although some circumstances may require rotating the 
belt drive during Installation - NEVER START THE BELT DRIVE UNDER 
MOTOR POWER with fingers, hands, other parts of the body, or tools 
near belt and pulley ♦ 



D, How Pulley Sizes Affect the Load Carrying Capacity 



One of the factors that determines 
the amount of friction between the 
belt and the pulley Is the amount 
of the pulJ.ey arc that is In con- 
tact with the belt, (This Is 
sometimes called "wrap/*) 




Ratio is 
I to 1 



An ideal drive has pulleys of the 
same size driving shafts ♦ (a) 

However, pulley size Is often one 
factor in determining the speed 
of the shafts when a high speed 
motor drives a low speed device 
or. vice versa. (b) 



Low Shaft 
Speed 




Ratio is about 
1 to 3 
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For full amounts of power on a belt, the designer should not exceed a ratio 
of 3 to 1 In pulley circumf erence^ 

Poor Drive for Heavy Loads (d) 
Good Drive (c) (not enough wrap on the small pulley) 




If a greater reduction is necessary, a secondary drive can reduce the drive, ( 




There is a practical minimum pulley diameter for ]oad carrying. When the 
pulley diameter approaches 2" for a V V-belt for example, the great flexing 
necessary as the belt "rounds the corner" will cause capid wear on the belt 
and cracking will show up relatively soon. Do not overload the belt system 
when using a small diameter pulley, 

E}gER^^ENT 

With whatever belt drive system(s) available, perform the following; 

1, Examine the belt for wear - does it need replacing? 

2, Practice replacing the belt, 

1, Practice adjusting the tension and aligning the pulleys. 



7 
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tht to 1 lowing: 

What are the Lhro^j inosi conuiioa typas of l^elts? 

What are Llie advanLagas and disadvantages of l^eit drives? 

SkoLiii a hell drive system and identify the parts. 



Give at least thr-e warning sipns that a belt system needs maintenance* 
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F(1ST-Ti:ST KKY Packaj-.o No. 101- A 



IJKLTS AN!) HULl.KYS 



^ 1. flat, round, v-belts 

2. a. easy to design 

b. inexpensive 

c. absorb shock 

3. a. shorter life expectancy 
b. will not carrv heaw load 
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4. a. do not remove safety guards 

b. do not wear loose clothing * 

c. keep all body parts awav from moving parts 

d. be careful when installing a belt, make sure all fingers are out of 
' the way 

5. a. drive pulley slipping 

h. motor overheats-loud bearings 

c. black dust under or near drive belt 

d, check for cracks and fravs 
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POST- Package Number lllki^ 



BKLTS .\ND PULLEYS 



1.. ' List three common types of belts, 



2. List 3 advantages of belt drive systems, 
b. - ' ■ 



^ a. 



z 
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3- List 2 disadvantapeS' of belt drive svst-^ous. 
b. 

I 

4. List A safety rules that nust be adhered to when workinp witjii belt drives. 

, o 

b. 
c. 
d. 

5. X.ane 4 signs that the 'sv.stem needs adjuntmeuL. 

a. 

• c . 
d. 
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101-E PULLEY ALIGNMENT" 



Proper alignment is necessary to gain the 
most power and belt life in a belt drive 
system^ A person working in belt drives 
should know the symptoms of misaligned 
belt drives and how to properly align a 
belt drive. 




I 
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Upon successful completion of this learning 
package, the trainee will be able to: 

1, State how belts react to misaligned or 
damaged pulleys, 

2, State 6 belt failures caused by mis- 
alignralflkt , 

3, Describe the requirements of turned- 
drive components, 

4, Align parallel" Shaft drives. 





/ 

LEARNiNG ACTIVITIE3 



ACTIVITIES , PURPOSE 



Read: Information Sheet 


Provides basic information on 
belt drive alignment. 


* 

Read: John Deere, Fundamentals of 
Service Belts & Chains • 
Powet Trains 


Provides added information 
on belt alignment. 


Read: Material from any belt 
manufacturer on belt 
alignment. 


Belt manuf acturet's information 
will supplement' learning package, 
VIP 101-A, 


Do: Identify belt damage types 
on the shop belt^-board. 


Provides practical experience in 
recognizing the causes of certain 
types of belt damage. ^ ~. - 


Do: Align a sample belt drive 

that has been set up by your 
instructor 


Provides experience in alignment. 


Do: Make up and align a quarter- 
turned drive. Turn the 
drive in both directions. 


Practical experience in under- 
standing the principles of quarter- 
turned alignment. 



Ik' ■ 

» 
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INFORMATION SHEET 



ALIGNMENT DEFINITION 



Proper pulley aiignmeat is achieved when pulley mountings are adjusted t 
bring the belt and pulley surfaces in line with one another ♦ Wlien belts 
and pulleys are aligned, there is little or no side pressure exerted by 
pulley on the belt. 



out of 



liriV^ 



properly aligned 



jU^ 1 
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Poorly aligned drives will reduce the life of the belts T It Is to the 
advantage of the user to obtain proper alignment When servicing belts « 
Proper alignment is 
secured by adjusting 

the position of the ^ / 

pulleys on shafts 

or 

by adjusting the position of 
the shafts. Shafts must be pargillel 
'to each other » 

Since each pulley mount varies, the particular drive must be studied for 
proper technique to bring it into alignment. 




3 
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HOW BELTS REACT TO MISALIGNED PULLEYS 

All belts have their life span reduced if used on misaligned drive^j, Belt^ 
react to misalignment, depending upon belt type, amount of tension, and con- 
dition around the pulley. Generally, however, failures fall into categorieB 
depending on belt types ♦ 



FLAT BELTS - RIBBED BELTS - TOOTHED BELTS 

- Tend to run off the pulley, 

- Tear on the edges if safety 
guards or other equipment 
is installed, 

V-BELTS - LINKED BELTS 

- Roll over in the groove, 

- Cords stretch and/or break from pulling loads in "rolled over" positions, 

- Belts come off system if continued to run in the above conditions, 

BANDED BELTS 

- One or two parts of the banded belt will work out of their pulley grooves. 
This will cause them to split and tear, 

ROUND BELTS 

- Fabric belts will fray if too much side pressure is exerted by misalignment. 
Rubber belts will begin to "sliver" or chip, 

SPECIAL DRIVES 

Sometimes, belt drives are chosen because 
of theil^ ability to be used in an "out- 
of-alignraent" position^ These applica- 
tions use quarter-turned drives or some- 
times deliberate use of misaligned 
parallel drives is used. 

If this type of application is under design, do not expect to be able to 
obtain the full power from the b^lt drive used. 



There are several requirements for using these types of systems, as follows: 







Application of this type of usage is found in 
lavm equipment such as a riding lavm mov/er 
in the adjustment of the height of the blade 
in the mover. Deliberate use is made of 
pulleys where misalignment is present, 




SAFETY 



Belt drives are particularly hazardous devices when safety guards are removed 
for drive servicing, 

Be sure to restrict loose clothing such as neckties, open sleeves, open 
jackets or coats, straps or clothing flaps that could ^et caught in the belt. 

Keep fingers, feet and hair away from operating belt drives. The draft 
established by some configurations will pull loose clothing or hair into belts 
and pulleys. Obviously, this can be extremely dangerous, 

Lock out drive system to prevent inadvertent rotation of pulley v;hich could 
pinch or cut off fingers. 

Keep safety guards on a belt drive at all times unless it Is intended for 
servicing, 

ALIGN BELT DRIVES (Parallel Shaft Applications) 

Home shop applications often have a motor on a shaft that drives one or more 
shop appliances such as, a grinder, a saw or ef 
This type of drive usually has an adjustable 
pulley, The puiley^s position 
on the shaft is established 
by the setting of a locknut. 



Alignment procedures may vary in the other parallel shaft systems but the 
basic requirements remain the same, 

1, First, be certain that both pulleys 
are true. This can be done by plac- 
ing a pointer that is suppbrted from 
the bench or floor near the edge of 
the groove and rotating the pulley. 
Distance between the^pujley and the 
pointer should not change. 

If the distance varies, check if it 

be corrected by adjusting the pulley 

position on the shaft or if the pull 

is bent, If it is bent, replace the 
pulley. 
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2^ With belt removed, place straight edge 
against side of one of the pulleys so 

It touches the pulley In two places 4 ( a & b) 

NOTE: If second p'dley keeps straightedge from touching pulley in 
two places, loosen lock-nut and move it out of the way* 

3, Adjust second pulley so that it will also touch straight edge 
in two places (c & d) , Tighten adjusting lock-nuts. 

4, Turn each pulley ind be certain the pulleys continue to touch 
the straight edge at all times, 

5t Adjust for maximum effectiveness for all positions, 

6, Install belt, 

NOTE: This procedure works for simple alignment of same width 
pulleys on parallel shafts. If shafts have end play, 
find the normal position of the critical shaft (such as 
an electrical motor) by noting the running position and 
marking on an identifying surface. Then, align ^ to that 
position. 





WORKSHEET 

•Research special alignment techniques for alignment of turned drives or 
parallel drives with multiple types of pulleys. 

Example: ' ' 

Given an automobile cooling system fan drive, check alignment of the water 
pump pulley to the power pulley on the crank shaft, These are press-fit to 
the shaft and are sometimes misaligned by collision accidents (or parts 
substitutions). Be sure the belt drive is in alignment. 



SELF--TEST 



1, Proper alignment of pulleys will add 



to a belt, 



2, Give 6 types of belt damage caused by alignment problem, 

3, Quarter-turn drives require ^^^^^^^^^^^^^^^^^^^^^^^ ^ grooved V-pulleys, 

4, The ^ ^ side of the belt is aligned on a quarter turn drive, 

S» Pulleys should be checked to see if they are ^ before aligning. 



8aTXT?a3-a3AOD 
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POST-TEST KEY Package No. 101-E 



PULLEY ALIGNMENT 



1. 


shorten 


2 


f 1 a^ 
i. xd L 


'X 

■J • 


A cx Ar\ 


A 






uneven stretch 




rolling over 




cord breakage 




belt splitting 




cover fraying 


5. 


replaced 


6. 


straight edge 


7. 


V- deep 
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POST-TEST 



Package Number-JMdL 



PULLEY AI.:gNMENT 



INSTRUCTIONS: Complete the following sentences. 



2 
3 



1. Misaligned pulleys will 



belt life, 



2. 



on the pulleys. 



belt drives requires proper alignment to keep belt 



3. Turned drives require 



grooved pulleys. 



4. List 6 belt failures caused by poorly aligned pulleys: 



5. Bent pulleys should be 
belt drive. * 



6. Pulleys are best aligned with a 



before trying to align any 



O 

Si 



7. Quarter turned drives require 
grooved pulleys. 



belts and 
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^ LEARNING ACTIVITIES 

ACTIVITIES PURPOSE 



Read: Informaticn Sheet 


Provides tb basics of measuring, 
adjusting/ and service. 


Read: John Deere. Fundamentals ot 
v Service Manual 


Provides belt drive background. 


-Power Trains 
-General 




Do: Assemble a flat belt drive 




Suggested belt systems: 




-electric typewriter 
-band saw 

-flat belt driven machine 
-shop equipment (K.O, Lee 

grinders) 
-collators 

-printing machines (blue 

print) 
-Xerox machines 
-belt grinders 


This activity will familiarize 
the student with drive components, 
tensioning, measuring, and belt 
splicing,. 



INFORMATION SHEET 

FLAT BELTS 



Flat belts have generally been used in 
applications that carry a heavy load. 
A flat belt caxi also be used on small 
pulleys for high speed utilization . 
They may be modified for specialized 
uses. Usage as heavy duty power drives 
in sawmills, machine shops, and facto- 
ries are becoming less common because 
many units have their own power systems. 




ERIC 
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APPLICATIONS ' 

In current usages flat belts serve: 

- in driving stationary farm equipment. 
Hay choppers and silo filling equip- 
ment* are often driven 'by the power 
take-off unit of the tractor using a 
flat belt. 

- as a conveyor belt. Conveyor belts 
are used to transp'^^rt freight, baggage, 
or people at airline term'inal^ ; gravel 
and ore; and materials in factory or 
office. When modifi^ed by attaching 

• buckets or other equipment, they convey 
loose materials such as grain. Even 
though they are modified, they are 
still flat belts. 

- as ; guides. Primarily, these will be 
found in handling paper In printing 

^ press afyplications and in stacking 

^ paper ,jLn folding machines, etc' ^'^y^ 



COMPONENTS '"^ 

A flat belt drive system consists of a 
pulley that \s equal in width to the 
belt (or slightly Vider) constructed 
oi cast iron, steely .wood, plastic or 
aluminum, 

Its center is slightly crowned with 
the greater radius at the center 
of the pulley. 

Flat belts will tend to creep toward 
the highest level of the pulley 
so the pulley \s shape tends to keep 
the belt centered. 

I^ATJl'' SpecitiLized applications may 
use different pulleys and 
configurations . 
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S AFETY 



Belt drives are particularly hazardous devices when safety guards are removal 
for drive servicing* 

-A 

Be .sure to restrict loose clothing such as neckties, open sleeves, open jackets 
or coats, straps or clothing flaps that could get caught in the belt* 

Keep fingers, feet and hair away from operating belt drives. The draft 
established by some configurations will pull loose clothing rr hair into belts 
and pulleys. Obviously, this can be extremely dangerous. 

Lock out drive system to prevent inadvertent rotation of pulley which could 
pinch or cut off fingers* 

Keep safety guards on a belt drive at all times unless someone attends it for 
servicing. 

MEASURING FLAT BELTS 



Flat belts are generally made from flat strips of leather, rubber, flat 
fabric or flat cord* They can be custom fitted to the job requirements* The 
required length Is determined by 
measuring around the path of the 
belt at the center of the pulleys* 
Be sure that adjustable pulleys 
are set near the mlnuinum length 
to allow for the stretching of 
bdlt mateiial* Remember M:he 
length (1) is the inside idlmen- 
slon (id) of your belt. V/idth 
(w) is equal to, or slightly 
less than, the narrowest pulley* 

Leather belts constructed at the job 
sltie are usually joined together by 
Inserting wire stitches, sometimes 
referred to as alligator clips, to 
each end and inserting a pin to act 
as a hinge • 




NOTE : 



NOTE: 



Be sure to allow for the linking in your measuring or hhe gap (g) will 
add to the. length of the belt. 

Some belts are fastened with a scatf joint (glue) process. The 
measured distance for overlap must be added to the loop requirements. 




TENS I ON IN G BELTS 

Flat belts are t.mBloned in one or more of two ways 
- adjustment of the distance between the pulleys 





- addition of an idler to the system to take out slack 




Tension must be sufficient to carry the load without slipping. In pounds, the 
flat belt normally requires more tension than a V--belt for a similar load. 
Excessive tension may cause premature belt failure, too much belt stretch and 
overloaded bearings. 
ALIGNMENT 



Pulleys must be in proper alignment for/ 
the flat belt drive to function properly. 

An out-of-line system will cause the belt 
to leave the pulley. A properly aligned 
system will center the belt on the pulleys. 

LUBRIC ATION OF PULLEYS 

For lubrication information that applies 
to the. appropriate system, see VIP Division 
Codes: lOA Bearings, and 108 Lubrication. 




PTl 



For most accurate lubricating information, seeethe equipment manufacturers 
Information , on lubricating the device on which you are working. 

DRIVK ARRANGEMENTS 

Flat belts may be used on the following configurations: 



To trar^smit power to 
.uiotfipr drive rotatli\>!; 
In same dJ recti on 





crossed - 



to transmit power to 
another dtlve rotating 
in opposite direction 

serpentine 

multiple power 
transfer 



TROUBLE SHOOTING FLAT BELT DRIVE SYSTEMS 

Because flat belt drives are used in high, speed or heavy-duty applications, 
the components are much more durable. 

PULLEYS : 

Alignment of pulleys may be affected by defective bearings 'and shafts. 
Routine inspection nay show damage to ':hese parts and when the trouble is 
detected, they should be replaced. Se VIP Division Codes 103 and 104 for 
futther information. 

Pulley damage is very rare in flat belt systems. However, they should be 
checked during servicing for cracks and external damage. If such damage will 
♦affect the system, the pulley should be replaced. 

BELTS: . I 

Flat belts may tear if operated on poorly aligned pulleys as it will try to 
run off the pulley, but tannot because of brackets, etc. Bums and shiny 
spots may show if tfinsion 16 too loose and the drive pulley is allowed to 
skid. 

If it 3 fabric covered, the fabric will wear through exposing the sub-layers. 
If a leather or other solid material belt wears, damage will become noticeable 
because the belt will stretch unevenly and will cause the belt to warp. If 
this occurs, the^ belt will **wander" on the pulley. Leather belt stitching may 
alfeo *'pull out** where they are jijfLned. In any of these situations, the belt 
should be repaired or replaced. 

WORKSHEET ^1 

DRESSING FLAT BELTS ^ 

Some flat belts, usually leather or canvas, may be dressed with a- oommercially 
available belt dressing. This tacky material will increase friction between 
tlie belt and the pulley. The dressing will also prolong thfe belt life by 
adding a binder material to the belt. 

NOTE: Use dressing sparingly to avoid messy housekeeping, prob lernH^ hut bt* sure 

to use enough to coat the Inner surface of the belt. 
i 
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MEASURE A FLAT BKLT DRIVE FOR A NEW BELT INSTALLATION 



Formula? 2X0+1/2 circumference of each pulley - length of the belt* 




Splice direction: Flat belts must be spliced to permit the toe of the scarf 

to follow the splice joint over the pulley J 

\ 



INSTRUCTIONS: Complete the following questions by supplying the correct answers. 

!• Flat belt pu leys are usually more (durable - fragile) than other drive 
systems • Explain your answer. 



2» Name three thluga from which flat belti are made. 



3. A flat belt measurement should be taken around the (<3dge - center) of the 
pulleys with the tenalon adIuBted to (minimum maximum) length, ^ 



A. Name twf^ types :)f tenslcn^ adiusLln^^ devices. 




Note: Sanding Belts .must be mounted in the opposite 

directidn to keep the toe of the scarf joint from 
catchinn; on the material being sanded. 



SELF-TEST 




5- Flat belts generally require (mote - less) tension than other heists. 




f). Describe 5 types of common fatigue damage to flat belts. 




'4U]ol JO saqo:]T:js uio:i *s:iX94 paqoa3-i:4s ^ojaqt^j ujoa^ *suanq * suvt:^! -9 
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POSMEST KEY Package No. 'lOl-Ji 



1. drive statlonai^ equipment 
drive conveyor assemblies 
drive guides 

2. center slightly crovmed with the greater radius at the center of the 
pulley 

3. add an idler pulley 

adjust distance between pulleys 

A. inside 

5. leave 

6. open and crossed 

7. instructor's approval 
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POST-TEST Package Numbe. -J^Iji^ 



FLAT BELTS 



1. Name, three types of use« toi flat belts. 



Z 
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1. Which is the correct shape for a flat belt pulley? 



' (1) 




(2) 




(3) 




3. Name two ways to adjust the tension of a flat belt drive. 



4* The length of a flat belt is meaaured as its inside or olitside dimension? 



5. If the pulleys are not in alignment, the belt wXll 
the pulley, \ 

\ 



6. Name two configurations of flat belts. 



7. The best source for lubrication information for flat belt drive pulle.* 
systems is the equipment manufacturer. Why? ExpiAin In your own words. 







iimmKn<^'-}S^^ 'jepartment -'nf Education; 

, Education District 
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LEARNING ACTIVITIES 

ACTIVITIES PURPOSE 



Read: Instruction Sheet 


Provides information on belt types, 
pulleys, & trouble shooting. 


Read: John Deere Fundamentals of 
Service Manual - Belts & 
Clialns 


Provides information on belt types, 
pulleys, & trouble shooting. 


Read: Belt introductoiry pages in 
the NAPA catalog. 


Provides information on belt types, 
pulleys, drive desi^ information, 
etc. 


Read: MOTOR MANUAL 1971 or later 
NOTE: Pinto or Vega engine 
section 


Provides information on toothed 
belts for valve timing. 


Do: Change a specialized belt 
that has fatigue damage on 
one or more of the following: 

- movie projector 

- blower 

- typewriter 

- Pinfo, Vega or other with 
a specialized belt 

Describe damage and cause. 


Provides practical experience in 
trouble shooting belt drive 
problems. 




INFORMATION SHEET 



SPECIALIZED BELTS 

There are many styles of specialized belts, even coirfslnatlons of 
belt stylos^ but the most common are as follows: 



Ribbed belts 



Toothed belts 



Round belts 



Banded belts 



Linked belts 




Most of the speclallred belts arc designed for unusual applications 
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RIBBED BELTS 



Ribbed belts are used to provide a flat 
belt function In an application where more 
friction Is required than a flat belt of 
similar size will produce. Some clothes 
dryerfl are turned , using ribbed belts. 

TOOTHED BELTS ' 

Toothed belts are used when there are spe- 
cific timing or registration requirements. 
Most belts will creep on a belt drive sys- 
tem. A toothed belt on a toothed pulley 
will not do this. Use example: are In 
presses to feed paper ^ and on some automo- 
biles to time valves. 

ROUND BELTS 

Round belts are used In light duty appli- 
cations with long reach and variable speed 
requirements. Their operation Is not 
affected by conditions that may cause other 
belts to wear, through twisting. These are 
used In operating dentist drills, movie pro- 
jectors, appliance blower fans, etc. 

BANDED V-BELTS 

fianded V-belts are V-belts that have been 
permanently tied together In the manufactur- 
ing process. They have a band that has been 
vulcanized to the top of a set of belts* 
The banded V-belt Is used In multi-belt 
applications, especially those that have 
problems of belts thut whip, turn ovet, 
or Jump off the pull6y. 

LINKED BELTS 

Linked belts consist of short pieces of 
V-belt material that have been held to- 
gether with a p'irles of metal studs. The 
belts are used where It is difficult 

to install u continuous loop belt. Link 
belts can be threaded and then closed at 
the job site. Links may be added or re- 
moved to meet the Job requirements. Link 
belts are not recommended for high speed 
applications , 
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SAFETY 

Belt drives are particularly hazardous devices when safety guards 
are removed for drive servicing. 

Be sure to restrict loose clothing such as neckties » open sleeves ^ 
open Jackets or coats » straps «r clothing flaps that could get caught 
In the belt. 

Keep fingers, feet and hair away from operating belt drives • The 

draft established by some configurations will pull loose clothing or hair 

Into belts and pulleys • Obviously, this can be extremely dangerous. 

Lock out drive system to prevent inadvertent rotation of pulley which 
could pinch or cut off fingers. 

Keep safety guards on a belt drive at all times unless someone attends It^ 
for servicing. 

HOW TO MEASURE 

Measuring techniques will vary, depending upon the b^lt. Some examples 
are as follows: ^ 



Round belts : 

- 1 Inside dimension (id) 

of belt. 

- w = diameter of belt. 



Ribbed belts 



- 1 id of belt 

- w « belt (pulley width) 



Toothed belts: 

- 1 = around the pulleys of 

the belt drive . 

- w =^ belt (pulley width) 




CAUTION: Measuring a used, belt could give a false measuremet. It will 
have stretched and a replacement baspd on this measurement may 
not fit. Use specifical^tw number molded on the belt, if 
possible, 

NOTE : 

Many special applications today demand speci'^lized drives. These will 
be variations and conMnationa on the above and flat and V-belt drives. 
Examples are: 



pin-setting machine drives 
garden and lawn equipment 
drives, snowmobile and 
recreational vehicle drives 




In each case, the belt design provides a flexibrle friction drive and 
employs the basic principles for choosing any of the belt styles 
previously discussed in this belt series. 

TENSIONING BELTS ^ 

These belts are constructed normally of the usual combination of neoprene 
•cord and rubber, or materials without much "give". Some, Buch as pro- 
jector belts, are stretched in installation and do not use idlers for 
tension adjustment. If they begin to slip, they should be replaced. 

Other than the above, belt tensioning iff accoraplishf d by: 



- adjusting the pulleys to the 
proper tension 

- addition of an idler to the 
systems- The idler will take 
up the slack in the belt drive 
system. In the case of toothed 
belts, idlers must either be 
toothed or run on the back of 

a belt. 




LUBRICATION OF PULLEY S 

See Division Codes: 104 Bearings, and 108 Lubrication, or use the 
equipraent manufacturers lubrication chart. 

CONFIGURATIONS 

Special applications may use any of the following: 



- open « turned 




NOTE: Always remember, in turned or mule configurations, that the power 
sides of the pulj.eys must be aligned. 

TROUBLE SHOOTING SPECIALIZED BELTS 

When do belt drives need their parts changed? 

PULLEYS 

Pulleys should be inspected for a condition on a periodic basis. They, 
or their parts, should be replaced When damage or wear will cause them to 
become a safety hazard or to damage the belts. 

~ If the shafts or bearings cannot be made to hold 
proper alignment, replace the defective part. 

- If the sheave edges are damaged, it should be 
replaced before they can damage the belt. 

If the sides of the pulley are cracked, it should 
be replaced before it can fly apart and cause a 
safety hazard. 
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BELTS 

Belts should also be routinely inspected. They should be replaced when 
their condition Indicates fatigue. These condition Indicators are: 

- frayed fabric r'"^^ 

- cracks in the inner side of the belt 

- "dished out" spots in the belt (belt width not consitant where ''it tuns 
in the pulley) 

- ruptured cords or stretched btlts (the idler cannot be taken up, or 
the belt will no longer i^un true) 

- oil and grease damage 

- separation of belts and bands 

sel'f-test 

1. A linked belt is uped when ^ 

2. The only belt that is useful for timing is a 

• 

3. List 3 ways to adjust belt tension. 

, 4. List 5 belt arrangements (configurations). 



5. Oil damage on a belt will cause it to 

6. A slipping belt will cause what types of belt damage? 

7. If a belt has ruptured cords> it will 

8. A pulley with damaged shaft hole will 

9. A cracked pulley that continues in use may 



H 
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SELF-TEST ANSWERS 



1. A continuous belt Is difficult to replace. 

2. A toothed belt. 

3. Adjustable pulley shaft, adjustable Idler. 

4. Open - crossed ~ mule - serpentined - turned 

5. Soften or deteriorate. 

6. Burn or dish. 

7. Stretch or break. 

8. Wobble or slip on shaft. 

9. Shatter 





POST^TEST KEY 



Packflig^i No. 101-C 



. , GPECJALIZED BELTS 

1. ribbed 

banded 
round 
toothed 
linked 

2, adjust pulley 
adjust Idler 

Install new "stretch'' belt 

3- open 

crossed 
mule 
turned 
serpentine 

4. worn shaft holes 
bent pulley edges 
cracked around shaft hole 

5. heat glaze and checks 
oil and grease damage 
slip bum 

ruptured cords 

belt and band separation 

frayed covers 
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POST-TEST Package Number-illklL. 

SPECIALIZED BELTS 
INSTRUCTIONS: Briefly respond Co each of the following: 

Z 

I. List 5 common styles of specialized belts. g 



0) 



2. List 2 methods to adjust tension. 



3. FJst or draw 5 drive configurations. 



U. List i .kinds of pulley damage. 



O 



T)* List 6 tvpes of belt defects. 
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LEARNING ACTIVITIES 



ACTIVITIES 



PURPOSE 



Read: Information Sheet 



Pro.vldes the basic general 
material for this unit. 



Read: Car Service , Check-Chart 
Corp. , 1969, 222 W. Adams 
St. , Chicago, Illinois 
60606 



Read: Modem Refrigeration & Air 
Conditioning 1968 , Good- 
heart-Wilcox Co. Inc. , 
Homewood, Illinois 



Read: Belt Introductory pages in 
the NAPA catalog 



Provides auto fan belt 
changing techniques. 



Provides a discussion of pulleys 
& belt drives in refrigeration. 

- tensioning techniques for 
general belt applications, 

- tensioning automotive air 
conditioner belts. 



Provides information on belts, 
pulleys, drive design informa- 
tion, etc. 



Re ad : Stockel Auto Service & 
Repair 1969 , Goodheart- 
Wilcox Co. , Inc. 



Provides infonnation on auto- 
motive tensioning. 



Read: Motor Services Automotive 
Encyclopedia 19^5 



Read: John Deere Fundamentals of 



Service Manual 



Do: 



Idenfify all the belt defects 
on the shop belt-board. 



Do: Change, inspect, and adjust 
belt and pulley components 
of a V-belt system, using 
proper equipment and proce- 
dure as specified by service 
manuals . 



Provides information on how 
to adjust a Volkswagon fan 
belt. 



Provides general belt drive 
information. 



Provides practical experience 
in identifying belts and pulleys' 
and replacing damaged components! 
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INFORMATION SHEET 



V-BELTS 




V-belts are the most commonly used belts. They provide a high friction drive 
for high speed short-coupled oower transfer and are also used for variable 
speed pulleys and clutches. 

Higher amounts of friction are obtained 
with V-belts because they ride on their 
sides in the groove of the sheave 
(pulley). Tensioning the belt causes 
additional friction in the groove. 
Belts are often made with slightly 
concave sides, thus, when pressure is 
pulled against them, they tend to bulge 
la the center as they wedge into the 
pulley for greater friction. V-belts 
should never be permitted to run on the 
bottom of the pulley. If this is per- 
mitted, much of the wedging frictional 
advantage of the V-belt is lost. 



EXAMPLES OF V-BELT USES ARE: 
- automotive belts 



- lawn and garden equipment 




- shop tools 



- office equipment 



- home appliances 




recrsationa] equipment 
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COMJ 'NENTS OF V-BELT DRIVES 

A V-belt drive system consists of 
a pulley that is notched or grooved 
to nearly the same angle as the 
belt that drives it and a V-belt. 

V-belts come in standard widths but 
laay vary in length. 




MEASUREMENTS 



Belt sizes may be determined by. the manufacturers part number or they may be 
indicated on the carton or molded into the belt. 
For example: 38 1/2 x 3/8*' x 38^ 



The above measurements mean the belt' is; 

- 38 1/2** long, as measured around the 
outside of the pulley system. 

- 3/8'* wide as measured at the top 
of the V-belt on the sheaves. 

- 38^ sheave angle (the belt is 
usually of a slightly larger angle) 




384 






CAUTION : It is not advisable to measure ^ used belt. If it has been in use, 
it has been stretched and will not measure accurately. Belts 
usually have si2:e information molded onto th^m and this information 
can be taken from used belt for new belt replacement. 

NOTE: Newer automotive belts are made with 60° angles. They must have 
matching pulley grooves* 

MATCHED BELTS 

/ 

l>?hen a belt drive uses pulleys that have multiple grooves to accomodate more 
than one belt, the belts must be matched in length. When belts are manufact- 
ured, they all turn out to be slightly different in lenp:th. Belt manufacturers 
will than measui'e the belts and select tho5?e of the same length to within 1/10 
of an inch and identify them as matched. 
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If one belt in a matched set breaks, then the complete se : must be replaced* 
It is necessary because the complete set has stretched in use. Addition of 
one new belt will cause that belt to carry most of the load because it is 
new. This will cause the new belt to wear excessively. 

PULLEYS 

Pulleys for V-belts are designed to carry the load of the belts on the side 
of the groove and not on the bottom of the groove in the pulley. The top of 
the belt should ride + or - 1/16*' to the outside edge of the pulley for best 
results. Check manufacturer's specifications. 




Pulleys are made from a wide range of materials to fit a wide range of 
applications. Be sure to choose the correct pulley to handle the load. 

Often, when multiple belts are needed to carry the load, a pulley with two 
or more grooves will be used. These applications require matched belts. 

\ 

SAFETY 

Belt drives are particularly hazardous devices when safety guards are removed 
for drive servicing. 

'Be sure to restrict loose clothing such as neckties, open sleeves, open 
jackets or coats, straps or clothing flaps that could get caught in the belt. 

Keep fingers, feet and hair away from operating belt drives. The draft 
established by some configurations will pull loose clothing or hair into belts 
and pulleys. Obviously, this can be extremely dangerous. 

Lock out drive system to prevent inadvertent rotation of pulley which could 
pinch or cut off fingers. 

Keep safety guards on a belt drive at all times unless someone attends it for 
servicing. 

ALIGNMENT 

Pulleys must be. properly aligned for maximum belt life. See VIP lesson 101-E. 



ft 
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BELT TENSIONING 



V-belts are normally tetisloned by: 



- adjusting one of the pulley 
and shafts 



- adjusting an idler in the belt 
system to take up the slack. 
Often, as in the automobile 
alternator, the idler may be 
doing usefi^ work. 

Tension settings vary between applications. Use of the equipment manufacturers 
information aid one of several tensioning devices is recommended to obtain 
proper belt settings. 

LUBRICATION OF PULLEY SHAFTS 

Pulleyar should be inspected and their shafts lubricated on a riegular basis. 
See 104 Bearings and/or 108 Lubrication, or the equipment manufacturers lubri- 
cation chart for particulars. 

TROUBLE SHOOTING V-BELTS 

A squeaking belt that is othen^ise functioning properly may be silenced by 
lubricating the sides of the belt with soap or candle wax. 

NOTE : Do not use oils or grease on belts. These products generally cause 
belt material to deteriorate raoidly. 

BELTS 

Belts should be inspeched regularly to assure continued operating efficiency. 
Planned maintenance normally is preferred to breaking down. 

Belts should be removed for inspection in order to see the entire belt. Turn 
the belt inside out and check for fatigue by looking for: 

- swelling and deterioration from oil soaking 

- frayed fabric 

- cracks on the inner side of the belt. If a belt is glazed from excessive 
heat, it may crack when handled. This belt should be replaced. 

- stretched belts. This condition is caused by broken cords and will normally 
show up either as an idler that has no more capacity and/or a belt that 
"bottoms out" on the pulley. 

- "dished out" belts. This is usually caused by a pulley turning in a stalled 
belt» The condition can be found by sliding the belt through your fingers. 
The width of the belt will be smaller in the "dished out" area. 
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PULLEYS 



Pulley condition should be checked periodically. Parts should be replaced 
whenever wear or damage will cause a safety hazard or damage to uelts. 
Defective parts should be replaced when: 

- shafts and bearings will no longer 
holder proper alignment. 

- pulley bearing is frozen and keeps 
pulley or idler from turning. 

- sheave edges are damaged and may 
cause damage to the belt. 

- sheaves are cracked around pulley 
shaft and may fly apart in service. 

- sheaves are "dished out" by wear 
or the bottom of the groove area 
is shiny. 

- dirt or foreign objects in the 
pulley groove. 

- pulley bearing surface must 
be smooth and free of defects. 



SELF-TEST 

1. Two general angle sizes of belts are \ 

2, Matched belts are the same size to within 



3. Newer automotive design employs a angle* 

A. V--belts ride on their . 



5. A properly sized V-belt runs at the of the pulley. 

6. A belt with broken cords will « 



7. If a belt turns over in its pulleys, the ^ are out of 

line. 

8. A belt will ride the bottom of the pulley if the wrong sized belt is used 
or the pulley is worn. Illustrate with a drawing. 
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ANSWERS TO SELF-TEST 



1. 38° or 60" 

2. 1/10" 

3. 60"^ 
A. sides 

5. top 

6. stretch 

7. the pulleys are out of line 

8. wrong sized belt, worn pulley or belt 



0 
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POST-TEST 



Package Number ^Q^" 



Using a system provided by your Instructor: 



Z 
0) 

•i 



- remove belt 

- inspect the system 

- identify all parts 

- identify all damage 

- identify damage causes 

- replace with proper belt drive components 

- tension properly 
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LEARNING ACTIVITIES 



ACTIVITIES 



PURPOSE 



Read: Information Sheet 


Provides basic principles of 
construction and operation of 
belt clutches • 


Do: Construct a simple belt 
clutch from materials 
available in the shop. 


This exercise will provide 
practical experience in select- 
ing the correct components for 
a clutch system from available 
materials . 


Do: Take an RPM indicator and 
have students check to see 
at which RPM the automatic 
belt clutch engages 


This exercise will make the 
student aware of weights that 
actuate the automatic belt 
clutch. 



INFORMA'^ION SHEET 



( 



THE SIMPLE BELT CLUTCH 



DESCRIPTION 



A simple belt clutch is a modified belt 
drive with one shaft moveable under 
lever control. In the released posi- 
tion, the belt is loose arouind the 
pulleys. In the engaged position, tne 
belt is tightened on the belt drive 
and the tension will cause enough fric- 
tion to turn the equipment. 

APPLICATION 

This type of clutch is used wherever 
an inexpensive drive line is used. It 
is frequently found in garden and lawn 
equipment, motorized recreational equip- 
ment, etc. 




BELT LIFE 

Bait life is reduced when the drive is held in a released or semi-released 
^position, as the driving pullev will apln In the belt rausinj^ It t d "dish 
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COMPONENTS 



Tlie belt drive requlre.q Rome, apeclal componcnta* 

- TlilB Im iiMually a V hell appilc/i( I on , 

- A deep-grooved pulley helps to keep 
the drive from losing its belt, A 
deep^grooved pulley will permit the 
belt to ride approximately 1/4'' down 
into the pulley. 




A belt guide. Some type of device 
is mounted near the drive pulley in 
many belt clutches to assure the 
belt remaining on the pulley when 
it is slack. 

One fixed and one moveable pulley 
shaft 

An actuating lever to tighten and 
loosen tension on the belt. 




AUTOMATIC BELT CLUTCH (Centtifugal Actuator) 
COMPONENTS 

The automatic belt clutch normally requires a V-belt drive. The drive pulley 
is usually split into three parts. 



- the idler. Rides freely 
on the shaft between the 
pulley sides, 

- the drive side of the 
pulley. Includes the 
centrifugal actuator and 
is attached to the shaft. 

- the moveable side of the 
pulley. It will slide 
over the idler (a) , tip 
to the drive side of the 
pulley , 
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OPERATION 

The drive side (b) of the drive pulley is 
attached to a power system, an engine, or a 
motor • When that motor is stopped^ or running 
slowly, spring action will draw the centri- 
fugal actuator to its released position, 
spreading the pulley sides (b & c) to maximum 
width. When the sides (b & c) are in this 
position, the belt (y) will rest loosely 
on the idler and no power is transmitted 
through the belt. 

As the motor speed (RPM) is increased, centri- 
fugal force will throw the weights on the 
actuator (attached to b) outward. The cam 
action of the weighted arms will then slide 
the moveable side of the pulley (c) closer 
to the drive side (b). Eventually, the 
sides of the pulley will encounter the belt 
and, as speed increases, the tension 'on the 
belt will increase to maximum. 

SAFETY 



Belt drives ar^ particularly hazardous devices when safety guards are removed 
for drive servicing. 

Be sure to restrict loose clothing such as neckties, open sleeves, open 
jackets or coats, straps or clothing flaps that could get caught in the belt. 

Keep fingers, feet and hair away from operating belt drives. The draft 
established by some configurations wil] pull loose clothing or hair into belts 
and pulleys. This can be extremely dangerous. 

Lock out drive system to prevent inadvertent rotation of pulley which could 
pinch or cut off fingers* 

Keep safety guards on a belt drive at all times unless it is being serviced. 




SELF-TEST 

1* To make a simple belt clutch drive, four components are necessary, 
them. 



Name 



2. The moveable pulley is moved 

pulley to engage a simple hoAt clutch drive. 



from the stationar>' 
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Automatic belt clutch pulleys are engaged by centrifugal force which moves 

half the pulley the other half as the 

revolutions per minute increases. 

In an automatic clutcb^pulley , the moveable siJe of the pulley is controlled 
by centrifugal. . 
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POST-TEST KEY 



Package No. 105-A 



BELT CLUTCHES 

1. moveable pulley 
stationary pulley 
operating lever 
V-belt 

2. moveable pulley 

3. moveable 
A. side 
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POST— TEST Package Number -iPlzii. 



BELT CLUTCHES 



INSTRUCTIONS: Complete the following sentences: 

1. A simple belt clutch consists of a 

& 



2. The belt friction is increased in a simple belt clutt:h drive by moving the 
■ away from the stationaty pulley. 

3. Automatic belt clutches work by making one side of the pulley 



4. Centrifugal weights force the moveable side 'of the pulley against the 

of the V-belt. 
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-F VARIABLE SPEED PULLEYS 



Some belt drive systems have a requirement 
to vary the speed and power applied to the 
load. This unit will discuss basic princi- 
ples of varying the speed of the shafts by 
using variable speed pulleys. 
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When this learning package has been success- 
fully completed, the student will be able to: 

1* Describe the components of a variable 
speed split pulley* 

2. Describe the theory and operation of 
a variable speed belt drive system. 

3» Identify two types of driven shaft 
split pulleys. 
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LEARNING ACTIVITIES 



ACTIVITIES 



PURPOSE 



Read: Information Sheet 


Provides the principles of operation 
of the variable speed bei.t drives. 
Differing types of split pulleys 
are explained. 


Do: Assemble two different types 
of variable speed belt drives 

- engine lathe 

- drill press 

- shaper 


This activity* provides practical 
experience in the theory and 
practice of using variable ^peed 
belt drives. 



INFORMATION SHEET 



VA RIABLE SPEED DRIVES 
THEORY 

The speed of the driven shaft of a belt drive is determined by the size ratio 
of the pulleys on the drive. Assuming the drive pulley shaft turns at a 
constant speed (RPM) , the RPM of the driven pulley varies as the pulley size 
changes . 
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THE SPLIT PULLEY 

Split pulleys are usually made up of three pieces as follows: 

- power side. This piece of the 
pulley is attached to the shaft. 



pulley drum. It is usually 
attached to the power side of 
the pulley. 
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moveable side. T'nis side of the pulley 
slides on the pulley drum. Most 
moveable pulley sides are keyed or 
sp lined to match the drum or the shaft 
to give maximum belt drive friction to 
both pulley halves. 



A big advantage of variable speed belt drive is its ability to vary the speed 
without steps between the minimum and tVie maximum speed. 

The effective size of a V-Belt pulley may be changed by varying the V-belt 
riding position on the the pulley. In a st^lit pulley, such as the one described 
in automatic clutches, the closer the belt rides to the outside edge of the 
drive pulley, the greater the speed of "the driven pulley. In effect then, 
the drive pulley grows larger as speed increases and so, gives even greater 
speed advantage than that of the shaft alone. 

The split drive pulley cannot be teamed with a fixed shaft, one piece pulley 
and still operate as described As the belt moves outward on the drive pulley, 
it requires more length. If nothing else provides slack, the belt merely 
tightens and the speed ratio remairis constant. 





There are several ways to counter.this action. The least effective and least 
expensive way to counter the above problem is to provide a moveable shaft for 
one of the two pulleys. Then, when the belt tension reaches a certain point, 
tile shaft can move to provide the belt slack to permit the belt to move out 
on the split pulley to maximiim speed position. 

The best way to keep the belt length from 
becoming a problem is to change the effect- 
ive size of the pulley on the drive and on 
the driven shafts at the same time. In this 
way, as one pulley gets larger, the other 
becomes smaller. This technique provides 
two major advantages: 

- belt tension is always constant. 

- speed changing occurs twice as fast 
as when only one pulley changes. 

The driven shaft may be controlled by spring tension. 

\ 
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The driven pulley consists of two 
halves of a V-belt pulley that is spring- 
loaded into the closed position when 
tension is released on the belt drive. 




As shaft speed is increased, the belt 
will climb on the drive pulley. The 
increased tension will force the driven 
pulley apart and, as the belt moves between 
the parts of the split pulley, It will 
reduce the effective size of the driven 
pulley. As the shaft speed slows, the 
reverse will occur. 

The most positive drive control is that in which the centrifugal actuator 
controls both the drive and the driven pulley. Thus, the belt tension 
requirements are not as severe as those of the spring-loaded system. 




In the illustration at the rights 
the actuator will operate the y 
side of the drive pulley and the 
X side of the driven pulley. As 
one pulley opens, the other 
closes under direct control of 
the centrifugal actuator or a 
manual Get lever. 




SAFETY : 



Belt drives are particularly hazardous devices when safety guards are removed 
for drive servicing. 

Be sure to restrict loose clothing such as neckties, open sleeves, open jackets 
or coats, straps of clothing flaps that could get caught in the belt. 

Keep fingers, feet and hair away from operating belt drives. The draft 
established by some configurations will pull loose clothing or hair into belts 
and pulleys. Obviously, this can be extremely dangerous. 

Lock out drive system to prevent inadvertent rotation of pulley which could 
pinch or cut off fingers. 

Keep safety guards on a belt drive at all times unless it is being attended 
for servicing* 
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SELF-TEST 



1. The moveable side of the split variable speed pulley fits onto the 



2. For maximum belt drive friction, the moveable side of the split pulley 
is ^ to the drum. 

3. If the driven pulley is a fixed size pulley and teamed with a variable 

speed pulley, the fixed size pulley shaft must ' 

in order to change speed. 

4. If two split pulleys are used, as the belt moves outward on one pulley, 
it moves on the other. 
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POST-TEST Package Number IQI-F 

VARIABLE SPEED PULLEYS 



INSTRUCTIONS: Complete the following sentences: 



1. List three components of a split variable speed pulley. 



2. Drive speed is controlled by the belt on the 

variable speed pulley. 



3. As the belt moves toward the outside of the split variable speed driving 
pulley, the belt speed • 



4- If the belt moves toward the outside of the split variable speed driving 

pulley, the fixed driven pulley must move the 

variable drive pulley. 



5. Name two methods of controlling the moveable side of the driven shaft 
split puliey. 
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POST-TEST KEY Package No, 101-F 

variabij: speed pulleys 

1. moveable 

2. speeds 

3* decreases 

« 

A. moveable 
5. increase 
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